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ADVERTISEMENT. 


This work (Bulletin No. 42) is one of a series of papers intended to 
illustrate the collections belonging to the United States, and coustitu- 
ting the National Museum, of which the Smithsonian Institution was 
placed in charge by the act of Congress of August 10, 1846. 

The publications of the National Museum consist of two series—the 
Bulletins, of which this is No 42, in continuous series, and the Proceed- 
ings, of which the fourteenth volume is now in press. A small edition 
of each paper in the Proceedings is distributed in pamphlet form to 
specialists in advance of the publication of the bound volume. 

The Bulletins of the National Museum, the publication of which was 
commenced in 1875, consist of elaborate papers based upon the col- 
lections of the Museum, reports of expeditions, ete., while the Pro- 
ceedings facilitate the prompt publication of freshly-acquired facts re- 
lating to biology, anthropology, and geology, descriptions of restricted 
groups of animals and plants, the discussion of particular questions 
relative to the synonymy of species, and the diaries of minor expedi- 
tions. 

Other papers, of more general popular interest, are printed in the 
Appendix to the Annual Report. 

Full lists of the publications of the Museum may be found in the cur- 
rent catalogues of the publications of the Smithsonian Institution. 

Papers intended for publication in the Proceedings and Bulletins of 
the National Museum are referred to the Committee on Publications, 
composed as follows: T. H. Bean, A. Howard Clark (editor), R. E. 
Earll, Otis T. Mason, John Murdoch, Leonhard Stejneger, Frederick 


W. True, and Lester F. Ward. 
S. P. LANGLEY, 


Secretary of the Smithsonian Institution. 
WASHINGTON, D. C., October 5, 1891. 
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EXPLANATION OF PLATES. 
PLATE I (Page 2). 
Plan of Installation of Collections. 


Contents of cases:—Case 1, gold, minerals and ores. Case 2, gold, extraction and 
application; iridosmine. Case 3, silver, minerals and ores. Case 4, silver, ores and 
extraction. Case 5, silver, extraction; lead minerals; silver-lead, ores. Case 6, 
silver-lead, ores and smelting. Case 7, refining base bullion; lead, ores. Case 8, 
lead, ores. Case 9, pig and white lead, Lone Elm; white lead, Dutch. Case 10, 
copper, minerals and ores, Lake Superior region, Case 11, copper, ores, Lake Su- 
perior region. Case 12, copper, ores, Lake Superior region. Case 13, copper, smelt- 
ing. Case 14, copper, smelting. Case 15, copper, smelting. Case 16, copper, smelt- 
ing and application. Case 17, iron, minerals and ores, Tenth Census. Case 18, iron, 
ores, Tenth Census. Case 19, iron, ores, Tenth Census. Case 20, iron, ores, Tenth 
Census. Case 21, iron, ores, Tenth Census. Case 22, iron, ores, Tenth Census. Case 
23, iron, ores, Tenth Census. Case 24, iron, ores, Tenth Census. Case 25, iron, 
ores, Tenth Census. Case 26, iron, ores, Tenth Census; manganese, ores. Case 
27, iron, extraction, wrought iron, and cementation steel. Case 28, iron, extrac- 
tion, Bessemer steel. Case 29, iron, extraction, pig iron. Case 30, iron, extraction, 
pig iron. Case 31, iron, application, Fagerstasteel tests. Case 32, iron, application, 
Fagersta steel tests. Case 33, nickel and cobalt, minérals, ores, and application. 
Case 34, zinc, minerals and ores. Case 35, zine. preparation of blende and extrac- 
tion. Case 36, zinc, extraction. Case 37, tin, antimony, chromium, and bismuth, 
minerals and ores. Case 38, mercury, minerals and ores; aluminium, minerals and 
extraction. Case 39, alloys. Case 40, alloys and tin plate. Case 41, sulphur, min- 
erals, ores and application; grinding and polishing materials. Case 42, grinding and 
polishing materials. Case 43, asbestos. Case 44, phosphates. Case 45, clays. Case 
46, graphite. Case 47, anthracite coal. Case 48, anthracite coal. Case 49, semi- 
anthracite coal. Case 50, semi-bituminous coal. Case 51, bituminous coal. Case 
52, bituminous coal, peat. Case 53, petroleum. Case 54, petroleum. Case 55, petro- 
leum. Case 56, petroleum. Case 57, coal-mining tools. Case 58, coal-mining tools. 
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PLATE II (Page 10). 
GOLD. 


Hydraulie mining. —Working face of the North Bloomfield Hydraulic Mining Com- 
pany, North Bloomfield, California. 

Shows along the foreground the sheet iron pipe in which the water is conveyed from 
the ditch to the nozzles, at the end of this is a pile of stones placed upon it to keep it 
steady, and beyond isa nozzle discharging a stream of water against the working face 
of gravel. At the left, in the background, is another pipe and several nozzles. 

In the foreground, near the center, are two bed-rock channels, one of which is in 
use and through which the water may be seen pouring. 

The full background shows the working face of gravel. 

The man standing at the nozzle gives a gauge for vertical distances. 

(Cat. No, 56595, U.S. N. M. From photograph. ) 


PLATE III (Page 26). 
SILVER. 


Silver milling. —Elevation of a mill for the chloridizing-roasting and amalgamation of 
silver ores. 

At the top, on the left, is the stock house, for the reception of the ore from the mines, 
immediately below is the floor for the rock-breakers and for drying the ore. On the 
next floor below and to the right are the stamps; on this floor a door leads to the Stete- 
feldt furnace, the top of which may be seen farther along to the right. On the next 
floor of the mill a door admits the roasted ore to the pans; just below and to the right 
are the settlers. On the next floor are the agitators, and the door from this floor leads 
to the retort house. (Cat. No. 51188, U.S.N.M. From Rothwell’s ‘‘ Cost of Milling 
Silver Ores in Utah and Nevada.’’) 


PLATE IV (Page 28). 
SILVER. 


Silver milling.—Interior of a pan mill on the Comstock Lode, Storey County, Nevada. 

Along the right runs the track for bringing in the ore, prepared, either by simplestamp- 
ing or stamping and roasting for milling. Next below is a row of pans, in which the 
amalgamation is secured. Below again is a row of settlers, in which the amalgam and 
mercury are separated from the ore. On the lowest level are the agitators, in which 
a small amount of amalgam and mercury are removed. Just beyond the agitators is a 
car loaded with the amalgam. 

(Cat. No. 51658, U. S. N. M. From photograph. ) 


PLATE V (Page 80). 
SILVER. 


Silver milling. —Exterior of the Ontario Mill, Park City, Summit County, Utah. 

The ore is drawn by teams from the mine to the mill along the road in the middle 
zround at the right, which deliver it to the stock house, covered by the upper gable of 
the main building. The second gable of the main building covers the drying floor and 
the stamp floor. To the right of the upper gable of the main building, partly concealed 
by smoke, is the top of the Stetefeldt furnace; below and in front of this are the dust 
chambers, and farther back, up the side of the hill, is the draft stack from the dust 
chambers. 
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EXPLANATION OF PLATES. XIII 
. 


The lowest gable of the main building covers the pan floor, and to the left and far- 
ther back, is the retort house. In front of the mill is a large deposit of tailings 
(Cat. No. 51189, U.S. N. M. From photograph. ) 


PLATE VI (Page 46). 


SILVER-LEAD. 


Base-bullion smelting.—General view of the works of the Colorado Smelting Company, 
South Pueblo, Colorado, generally called ‘‘Colorado Smelter.”’ 

In the background, at the left, are the works of the Colorado Coal and Iron Com- 
pany; next to these are the residence of the manager, general and assay offices of the 
Colorado Smelter. In the middle ground, to the left, is the sampling mill, where all 
the ores are received, crushed if necessary, andsampled for assay and analysis, so as to 
ascertain their character, the treatment necessary, and how to mix them in the shatt- 
furnace charge. From the sampling mill a tramway leads to various parts ot the works. 

Near the center of the middle ground are the roasting stalls and draft stack; to the 
right are the ore bins and reverberatory roasters,with draft stack. In the middle of 
the foreground is the blacksmith shop; to the right of this is the engine house, and to 
the right of this the shaft furnace house, containing four furnaces, and at the extreme 
right is the draft stack of the shaft furnaces. In front of the engine house and shaft 
furnaces is theslag dump. 

(Cat. No. 51092, U.S. N.M. From photograph.) 


PLATE VII (Page 48). 


SILVER-LEAD. 


Base-bullion smelting. —Yard and roasting stalls of the Colorado Smelter. 

At the left are a pile of coke and a pile of cord wood. Diagonally across the picture 
is the double line of roasting stalls, from several of which the tops are removed, so that 
the roasted ore can be taken out; in the centre of the row is the draft stack, and be- 
tween the rows runs the tramway. In the background, at the left, the corner of the 
reverberatory roaster house shows; next this is thestack of theshaft furnaces; to the right 
of this are the ore bins, and behind them the shaft furnace house; at the extreme right 
is the engine house. (Cat. No, 51094, U.S.N.M. From photograph. ) 


PLATE VIII (Page 50). 


SILVER-LEAD. 


Base-bullion smelting.—Interior of the shaft furnace house at the tap-hole level, Col- 
orado Smelter. 

Shows piles of base bullion as cast, slag buggies, and various other tools, the outside 
of the crucible of the furnace, the slag tap with its water-cooled plate, the iron columns 
at the corners of the furnace supporting the walls above the crucible, and the bustle 
pipe, which supplies air to the tuyeres, surrounding the furnace. 

(Cat. No. 51096, U.S.N.M. From photograph.) 


PLATE IX (Page 68). 
LEAD. 


Pig lead and white lead smelting combined—General view of the works of the Lone 
Elm Company, Joplin, Jasper County, Missouri, producing pig lead and white paint 
by smelting galena and collecting the fumes. 
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At the right are the two bag houses for the collection of fumes; in front of these are 
the engine and boiler houses and draft stack; at the end of the engine house are the 
cooling tubes, through which the hot white paint passes to be cooled so that it may be 
collected in woolen bags; near these is the water tank, and beyond is the building con- 
taining the slag eye furnaces for purifying the fumes from the Scotch hearth furnaces, 
which are in the building in the background at the left; at the extreme left is a small 
building for the storage of fuel and quicklime. 

(Cat. No. 50727, U.S. N. M. From photograph. ) 


PLATE X (Page 94). 
COPPER. 


Copper ore.—-Plan on plane of belt of the workings of the Delaware Mine, Lake Su- 
perior Copper District, Michigan, up to September, 1894. 

The full diagonal lines represent the cross veins with solid fillings, The cupriferous 
areas or chutes are roughly outlined by the broken lines. The shaded portions represent 
worked-out areas. 

(Cat. No. 51201, U. S. N. M. From tracing by E. B. Kirby, E. M.) 


PLATE XI (Page 140). 


TRON. 
TI. on ore.—Rogersfield Mine. 
Shows the incline going down into the mine, the pillars of ore left to support the 
roof, and the empty spaces left after the ore has been extracted. 
(Cat. No. 54635, U.S. N. M. From photograph. ) 


LATE XII (Page 142). 
IRON. 


Wrought iron smelting.—Interior of Belmont Forge, Chateaugay Lake, New York. 

The first forge at the left is in full operation; beiow the working plate canbe seen the 
cinder plate, with holes for drawing off the cinder; to the right, ona shelf, isa piggin for 
dashing water on the fire when it gets too hot; at the left of the forge is the air pipe 
going into the chimney, and on the right is the curved pipe delivering the heated air 
to the tuyeres. Below the curved pipe of the second forge is a water box for cooling 
heated tools. At the corner of the second forge is a shovel for handling the ore; there is 
a bloom in this forge being reheated; beyond is a pile of fine ore, which supplies this 
and the next forge. At the right is a pile of baskets of charcoal. 

(Cat. No, 54623, U.S.N.M. From photograph. ) 


PLATE XIII (Page 142). 
IRON. 
Wrought-iron smelting.—Trip hammer run by a large water wheel in the Belmont 
Forge, Chateaugay Lake, New York. 


Used to hammer (shing!e) the loup to blooms and the reheated blooms to billets. 
(Cat. No. 54617, U.S. N. M. From photograph. ) 


PLATE XIV (Page 142). 
IRON, 


Wrought iron smelting.— Shows a group of the tools used in operating the furnace at 
the Belmont Forge, Chateaugay Lake, New York. In the background on the left, 
are some finished blooms. In the center, behind the tools, is a pile of baskets filled 
with charcoal. 

(Cat. No, 54625, U.S. N.M. From photograph. ) 
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EXPLANATION OF PLATES. . XV 
PLATE XV (Page 144). 
IRON. 


Steel smelting.—Bessemer converter. A is the body of the converter; Q the blast 
pipe ; F the tuyere box; D the pinion,and R the rack by which the converter is rotated; 
Sis the hydraulic eylinder working the rack R. 

(Cat. No. 51202, U.S. N. M. From Kohn’s Iron and Steel Manufacture. ) 


PLATE XVI (Page 146). 
IRON. 


Steel smelting.—Interior of Bessemer steel house, showing converter A, casting crane 
H, tadle G, with stopper M and mold K. L is a hood, to direct sparks and flames 
from the converter up the chimney. 

(Cat. No. 51203, U.S. N. M. From Kohn’s Iron and Steel Manufacture. ) 


PLATE XVII (Page 152). 
IRON, 


Pig-iron smelting.—Section and plan of a typical blast furnace. 

A, air cylinder, operating bell C, for the introduction of the charge by levers B; D, 
waste-gas pipe; E, downcomer, carrying gas away to be used under the boilers and in 
the hot-blast stoves; F, explosion door; G, cleaning door of downcomer; H, gas main; 
I, extra high tuyere (not used); K, blast pipe, supplying air to the tuyeres; L, water- 
pipe, supplying water to cool heated portions of the crucible; M, M, tuyeres, through 
which air is blown into the furnace; N, N, cinder notches, for drawing off the cinder. 
The notch for drawing off the metal is not shown but is similar to the cinder notch, 


_ but lower down the furnace, in front; O, O, columns supporting mantel. This furnace 


is 74 feet by 19 feet, has an iron mantel supported on columns, and is lined with fire 
brick. 
(Cat. No. 51004, U.S. N. M. From Fackenthal’s Durham Blast Furnace. ) 


PLATE XVIII (Page 152). 
IRON. 


Pig-iron smelting.—Stock floor of a charcoal blast furnace. 

Shows on the right fine-ore bin, next coarse-ore bin. In front of the coarse-ore binis a 
buggy, in which ore is weighed, hoisted to the top of the furnace, roiled over the throat, 
and emptied by lowering the bottom of the buggy. Beyond the ore bin is the charceval 
bin and a buggy for charging the charcoal, which is emptied by tipping it over the 
throat of the furnace onto the bell. At the left is a scale for weighing the charge. 
Over the ore bin is a rock breaker. 

(Cat. No. 54630, U.S. N. M. From photograph. ) 


PLATE XIX (Page 154). 
IRON. 
Pig-iron smelting. —Casting-house floor of charcoal blast furnace, showing beds of 
molten cast-iron that has just been tapped from the furnace, and east into pigs. The 


tap hole of furnace is obscured by the glare of the hotiron. 
(Cat. No. 54633, U.S. N. M. From photograph.) 
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PLATE XX (Page 154). 
IRON, 


Pig-iron smelting.—Top of coke blast furnace, showing throat of furnace with charge of 
coke resting on the bell. 
(Cat. No. 54637, U. S. N. M. From photograph. ) 


PLATE XNI (Page 156). a 
IRON. 


Pig-iron smelting.—Fire-brick stoves for heating the blastof air before it goes into the 
furnace. 
(Cat. No. 54641, U.S. N. M. From photograph. ) 


PLATE XXII (Page 156). 
TRON, 


Pigq-iron smelting.—General view of Longdale furnace, Longdale, Alleghany County, 
Virginia. 

At the right is a pile of crushed limestone, and above is an elevated tramway for 
bringing in supplies of ore, fuel, and fluxes. Beyond the tramway is a car being ele- 
vated to the top of the furnace, containing four buggies of material to be charged into 
the furnace. The furnace is built of brick, encircled by bands of iron. Behind the 
furnace is the casting house. 

(Cat. No. 50719, U.S. N. M. From Photograph. ) 
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PLATE XXIII (Page 184). 
ZINC. 


Spelter smelting. —Belgian furnaces of the Passaic Zinc Company, Jersey City, New 
Jersey. 

Shows the furnace in full blast, the lower rows of condensers have the prolongs at- 
tached, while the upper two rows have not, White oxide of zinc is being tormed from 
imperfect condensation at several of the condensers. 

(Cat. No. 54626, U. S. N. M. From photograph. ) 


PLATE XXIV (Page 186). 
ZINC, 


Oxide smelting. —Oxide furnaces of the Passaic Zine Company, Jersey City, New 
Jersey, in full blast. 

The middle row of doors is for the introduction of the charge; the upper row is for 
admitting air to oxidize the volatilized zine, and to cool the products of combustion; 
the lower doors are for withdrawing ashes and refuse that fall through the grate. The 
small pipes at the side of each furnace supply air to the furnaces under pressure 
(blast). The large pipes leading from the tops of the furnaces are to convey the oxide 
of zincsuspended in the products of combustion and air to the bags, where it is filtered 
out. In the front of each furnace is a pile of mixed ore and coal ready to be charged 
into the furnace. 

(Cat. No. 51102, U. S.N. M. From photograph. ) 


EXPLANATION OF PLATES. XVII 
PLATE XXV (Page 190). 
MERCURY, 


Mereury mining.—Labor or working space on 1,500-foot level, Randol shaft, of the 
New Almaden quicksilver mines, New Almaden, Santa Clara County, California. 

At the top, on the left, is a carpenter fitting timber; below him isa pile of broken ore. 
In the center background are two men drilling a hole for a blast. Facing them is the 
solid ore. At the right timbers to support the roof may he seen. 

(Cat. No. 51659, U.S.N.M. From a photograph taken by magnesium light. ) 


PLATE XXVI (Page 190). 
MERCURY. 


Mercury mining.—Buena Vista shaft and Randol planilla, New Almaden mines, 
Santa Clara County, California, 

At the left is the shaft house, and diagonally across the picture is the planilla where 
the ores are assorted and dressed for smelting. 

(Cat. No. 51661, U.S.N.M. From photograph. ) 


PLATE XXVII (Page 192). 
MERCURY. 


Mercury smelting. —General view of the reduction works of the New Almaden quick- 
silver mines, New Almaden, Santa Clara County, California. 

At the left, in the background, are furnaces Nos. 1 and 2; in front of these is the 
track for bringing inthe ore, and in front of these are the ore houses. In the mid- 
dle background are several furnaces with their elaborate condensing apparatus. The 
single-slope roof, on the right, covers the ore bins, On the extreme right is a large flue 
running up the side of the hill to the chimney. Inthe middle foreground is the works 
office, connected with it are stnrehouses and sheds. 

(Cat. No. 51660, U.S. N.M. From photograph. ) 


PLATE XXVIII (Page 192). 


MERCURY. 


Mercury smelting.—Reducing furnance No. 1, at New Almaden mines, New Almaden, 
Santa Clara County, California. 

At the right of the building is the elevator which takes the ores to a floor above 
the furnace, where they are distributed by cars running on tracks, The square brick 
furnace is near the center of the building. The heating arrangements are obscured by 
the load of wood. 

(Cat. No. 51662, U.S. N. M. From photograph. ) 


PLATE XXIX (Page 226). 
COAL. 


Coal breaker.—The breaker at the Ellangowan colliery, Shenandoah. Schuylkill 
County, Pennsylvania. The loaded cars enter on the left, and the coal. after breaking, 
descends the chute and is run into the cars below. 

(Cat. No. 59143, U.S. N. M. From photograph. ) 
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PLATE XXX (Page 224). 
COAR: 


Slate picking.—Boys and disabled men at the Ellangowan colliery, Shenandoah, 
Schuylkill County, Pennsylvania, engaged in picking pieces of slate and bony coal 
from the broken material as it descends the chutes from the breaker to the pockets. 

(Cat. No. 59018, U.S. N. M. From photograph. ) 


PLATE XXXI (Page 222). 
COAL. 


Coal breaking. —Breaker at Kohinoor colliery, Shenandoah, Schuylkill County, Penn- 
sylvania. The coal and dirt planes are shown. 
(Cat. No. 59016, U. S. N. M. From photograph. ) 


PLATE XXXII (Page 228). 
COAL. 


A mule trip.—A train of mine wagons, hauled by a mule, on its way from the mouth 
of the drift to the chutes. 
(Cat. No. 59106, U.S. N. M. From photograph. ) 


PLATE XXXIII (Page 230). 
COAL. 


Group of miners.—A group of miners in their working costumes, just leaving the 
mouth of the drift on their way home. 
(Cat. No. 59105, U.S. N. M. From photograph. ) 


PLATE XXXIV (Page 232). 
COAL. 


Coal plane.—A loaded car descending, and an empty one ascending the side of the 
mountain. The coal is being transported to market. Theempty car is drawn away at 
the foot of the plane by a mule. 

(Cat. No. 59104, U. S. N. M. From photograph. ) 


DESCRIPTIVE CATALOGUE OF COLLECTIONS IN ECONOMIC GEOLOGY 
AND METALLURGY IN THE U.S. NATIONAL MUSEUM, 


By FREDERIC P. Dewey. 


INTRODUCTION. 


The systematic collections in economic geology and metallurgy are 
designed to show the actual occurrence of each metal and the pro- 
cesses used in their extraction; to these are added illustrations of the 
occurrences of non-metallic ores and their utilization. The systematic 
collections should be carefully distinguished from the geographical 
collection. 

The collections start in the case of each metal by showing the serieg 
of minerals in which the metal forms an important constituent. The 
specimens are selected to show each mineral in its best perfection in 
order that it may be seen just how the metals occur in the ores. 

The next step is a series of ores selected to show the actually oceur- 
ring material that is mined, together with the associates of the ore. In 
the case of the base metals there may not be much difference between 
the ore specimens and the mineral specimens, except the greater purity 
and perfection of the latter, and that an ore may contain several min- 
erals of the same or even different metals, especially alternation prod- 
ucts, which do not have a definite composition. 

In the case of the precious metals, however, there may be a wide 
difference between the two, depending upon the manner of occurrence 
of the valuable portion of the ore. In the case of Silver, one part dis- 
tributed through a thousand parts of foreign material may constitute 
a paying ore; if, now, this one part be distributed through the remainder 
more or less evenly, it will not be possible to detect any silver mineral 
in the ore. If, however, the silver should be concentrated into separate 
portions through the mass, it might be possible to pick out distinet- 
ively silver minerals. 

The same observations apply to gold, but in a much greater degree 
since gold is so much more valuable, and in some cases can be extracted 
at much less expense than silver. Thisis especially the case with the hy- 
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draulic gravels of California, where, in some instances, ap average value 
of 5 or 6 cents worth of gold in a ton of the gravel has yielded a profit. 

The gangue or material carrying the valuable mineral varies greatly 
and exercises much influence upon the processes to be followed in the 
extraction of the metal. 

In many eases an ore contains more than one valuable metal, and 
frequently long and costly operations are required to separate the dif- 
ferent metals, while in the other cases their separation is quite easy. 
In some eases a useful alloy can be smelted directly from ores contain- 
ing more than one metal. 

After the ore is mined it is frequently subjected to some kind of a 
concentrating process in preparation for smelting. These processes vary 
from simple sorting by hand, whereby much worthless material is re- 
moved, to very elaborate treatment by machinery, whereby the valuable 
portion of the ore is concentrated to a smaller volume and weight, gen- 
erally with a loss of some of the valuable constituents, and the waste 
material is rejected. In some cases ore of different metals occurring 
together are separated from each other. Illustrations of these processes 
form the next step in the series, and consist of the ore as mined and 
the product of each step in the dressing operations, including both the 
valuable and the waste products. 

The final step of the series represents the processes of extracting the 
metals from their ores and converting them into useful forms. These 
collections include the ores, the fuels, the fluxes, and all other materials 
entering into the operation, and the products. waste products, and by- 
products. To these in many cases are added various accessories, such 
as materials of construction and tools. Where there are different 
stages in the operation each stage is fully represented. To complete 
this step a few illustrations of the application of metals are shown. 
Several of these show metal working rather than metal producing. 

The nonmetallic ores are treated in the same general way as the 
metallic ores. 

The basis of these collections was exhibited at the New Orleans 
Exposition, but they have been much enlarged and improved since 
then. The collections described are but a beginning of the subject, and 
while generally complete in themselves will require many additions to 
even approach a full illustration of the subject. 

The collections are installed in the west half of the southwest court 
of the Museum. The accompanying diagram (PL. 1) shows the ar- 
rangement and method of installation. Numbers 1 and 2 are low flat 
cases, the rest are upright cases, and the numbers refer to a single 
panel or pair of doors. To examine the collection systematically one 
should follow the dotted lines. 
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PLAN OF INSTALLATION OF COLLECTIONS. 
(See explanation, page XI.) 


COLLECTIONS IN ECONOMIC GEOLOGY AND METALLURGY. o 


GOLD. 
GOLD MINERALS. 
GOLD. 


Composition: Au. Gold, containing silver in varying proportions, 
and sometimes also traces of copper, bismuth, palladium, and rhodium. 

It crystallizes in the isometric system, especially in octahedrons and 
dodecahedrons. Complex and distorted crystals are common, the latter 
in reticulated and arborescent shapes. Its most common occurrence is 
in crystals and crystalline aggregates, massive (non-crystalline), in fine 
and coarse sand, scales or flattened grains, thin plates of considerable 
size, and in large masses, the largest ever found being the ‘* Welcome” 
nugget, weighing 2,218 ounces, found at Ballarat, Vietoria, Australia. 

It varies in hardness from 2.5 to 3, and when pure its specific gravity 
is 19.30, but impurities may raise it to 19.6 or lower it to 15.6. When 
pure its color is bright golden yellow, but the presence of silver light- 
ens the color very much. It has a fall metallie luster and is very due- 
tile and malleable. 

Almost all the gold produced is found in the metallic state, and it has 
three prominent modes of occurrence: First, placer gold, in water-worn 
sands and masses from the beds of streams, either ancient or modern, 
and on the sea shore; second, quartz gold, crystals, and both crystalline 
arborescent and non-crystalline masses, imbedded in quartz or in cavi- 
ties in quartz; third, sulphuret gold, generally invisibly disseminated 
through various sulphurets, especially pyrite and chalcopyrite, and occa- 
sionally mispickel. The two latter modes of occurrence are generally 
associated and graduate into each other, no large masses of quartz be- 
ing without sulphides and no large masses of sulphides being without 
quartz. A small amuont of gold is also found imbedded in other 
materials, especially slate. 

PLACER GOLD. 


Ten specimens have been selected to illustrate the most common oc- 
currence of placer gold, beginning with a well-erystallized specimen 
that has been but little water-worn, and following through various 
stages, up to a single large nugget, weighing an ounce, which has been 
much water-worn. No. 11 is a sack used to earry gold dust. 


(1) Crystallized, showing especially the branching formsof crystallization. June, 
1872. Greenwood district, Cedarberg, E] Dorado County, California. (55779.) 

(2) Containing quartz, from a 23-ounce mass, showing crystals. September, L879. 
Miller’s claim, Deadwood Gulch, Deer Lodge County, Montana. (55472.) 

(3) Dust, obtained by hand and long-tom washing. October, 1850, Meyer’s claim, 
Feather River, California. (55479.) 

(4) Dust, from pan-washing. September, 1879. Bingham Canon, Utah. (55468.) 
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(5) Coarse flake, from hydraulic washings. October, 1868. Washington claim, 
Butte County, California. (55473. ) 

(6) Dust. First discovery in California, from tail race 200 yards below the mill, 
panned by J. W. Marshall on the evening of the 19th and 20th of January, 1848. 
Marshall’s claim, Sutter’s mill, Coloma, El Dorado County, California. (55480.) 

(7) Spire gold, high grade, from hydraulic washings in ancient river bed? Novem- 
ber, 1855. Blue Gravel lead, Swartzville, California. (55477.) 

(8) Nugget, obtained by pan-washing. October, 1869. Foothills, Jacksonville, 
near branch of Rogue River, Oregon. (55466.) 

(9) Nuggets. November, 1865. Williams’ claim, Boisé Basin, Placerville, Idaho. 
(55464. ) 

(10) Nugget from the first discovery claim. Weight, 1 ounce. October, 1869. 
Loon Creek, Boisé County, Idaho. (55467.) 

(11) Gold-dust sack. Made of buckskin and used for holding gold dust. (30533. ) 


QUARTZ GOLD. 


To illustrate- quartz gold fifteen specimens are shown, beginning 
with crystallized gold in a cavity in quartz, and following through vari- 
ous stages of crystallization of the gold and decomposition of the matrix 
to a natural alloy of gold and silver in wholly decomposed material. 


(1) Free gold, crystallized in a cavity in quartz, with a little pyrite. Plumas Eu- 
reka Mine, Plumas County, California. (15048.) 

(2) Free gold, crystallized on ferruginous quartz. Brewer Gold Mine, Chesterfield 
County, South Caorlina. (55546.) 

(3) Free gold, crystallized in ferruginous quartz. Love’s mine, Richardsville, Cul- 
peper County, Virginia. (30927.) 

(4) Free gold, crystallized in quartz. Ellis Mine, Union County, Georgia, (5195.) 

(5) Free gold, in quartz stained by decomposition products. Whytlateh Union 
Mine, Owyhee Park district, Lewis and Clarke County, Montana. (11140.) 

(6) Free gold, in quartz. Narcoochee Mine, White County, Georgia. (5199.) 

(7) Free gold, in quartz stained with iron. Valparaiso Mine, Amador County, Cali- 
fornia. (14975.) 

(8) Free gold, in quartz. Norman Mine, Amador County, California. (14982.) 

(9) Free gold, in quartz, the white and pure quartz carrying the gold appearing 
like a vein in an impure ferruginous quartz. Republic Mine, Bivens Gulch district, 
Madison County, Montana. (11082.) 

(10) Free gold, finely disseminated through quartz. Gambrinus Mine, Boisé County, 
Idaho. (14770.) 

(11) Free gold, in ferruginous quartz. The gold in thin flakes is quite evenly dis- 
tributed through the quartz. Kennet Extension Mine, Madison Range District, Mad- 
son Co., Montana, (11080.) 

(12) Free gold, in quartz containing sulphurets that have been very much decom- 
posed. Whytlatch Union Mine, Owyhee Park district, Lewis and Clarke County, 
Montana. (10921.) 

(18) Free gold, in the ferruginous pebbles of a conglomerate. Lone Star Mine, 
Nevada Springs, Nevada County, California. (14935.) 

(14) Free gold, in quartz and also in galena. No, 6 Mine, Cherokee County, North 
Carolina. (5239: 

(15) Gold, alloyed with considerable silver in decomposed material ; from 400 feet 
deep. Silver Hill Mine, Comstock Lode, Storey County, Nevada. (15229.) 


SULPHURET GOLD. 


Two specimens of crystallized pyrite are shown to illustrate the oe- 
currence of sulphuret gold. Since the gold is entirely invisible there 
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is nothing to indicate the presence of gold in these specimens. Further 
illustrations of this occurrence will be found in the ore series. Aurifer- 
ous sulphurets consist of a more or less intimate mixture of the sulphide 
of iron (pyrite) and the double sulphide of iron and copper (chalcopyr- 
ite). Both of these sulphides are frequently supposed to be free gold, 
and pyrite is commonly known as * fool’s gold.” 

(1) Auviferous pyrite, crystallized in quartz. Keating lode, Cedar Plains mining 
district, Keatingville, Jefferson County, Montana. (5483. ) 

(2) Auriferous pyrite, crystallized in quartz. Bates Mine, Nevada District, Gilpin 
County, Colorado. (19230.) 


AURIFEROUS SLATE. 


A single illustration of the occurrence of free gold in slate is shown. 


(1) Free gold and pyrite in slate, with a little quartz. Gustin Mine, Lawrence 
County, Dakota. (20153.) 


SYLVANITE. (GRAPHIC TELLURIUM.) 


Composition (Au, Ag.), Te. Telluride of gold and silver, containing 
gold 25 to 30 per cent., silver 7.5 to 15 per cent., and tellurium 45 to 
60 per cent.; frequently antimony replaces the tellurium and lead the 
silver. 

It crystallizes in the monuclinic system in complicated crystals ; also 
occurs massive. It varies in hardness from 1.5 to 2, and in specific 
gravity from 7.9 to 8.3, has a steel-gray color and a metallic luster. 

A somewhat rare mineral, although it has been found in large 
amouuts in a few Colorado mines. A single illustration of telueErds of 
gold is shown here; others will be found in the ore series. 

(1) With pyrite, in quartz. American Mine, Sunshine district, Boulder County, 
Colorado. (19092.) 

GOLD OREs. 


For the purpose of extracting the metal the ores of gold may be 
divided into placer, including hydraulic, quartzose, sulphuret, tellu- 
ride, and fusion ores. 


‘ 


PLACER GOLD. 


Placer gold ore consists of the ordinary sands and gravels of rivers 
carrying free gold, and sometimes auriferous sulphurets, which have 
been deposited in the channel of the streams. Many of these beds 
are very old, and it is long since water flowed over them. Some are 
overlaid by recent lava flows. Where these ores oceur in vast depos- 
its they are called hydraulic ores, from the methods used in extracting 
the gold. Placer ores also occur on the seashore. The gold is seat- 
tered very irregularly through the sand, being found in largest amounts 
where eddies in the streams favored its deposition. 

The gold is separated from the sand by washing, which consists in 
keeping the material agitated in water, in a suitable apparatus, so that 
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the lighter material will float away leaving the gold and heavier min- 
erals behind. Mercury is often used to catch and hold the gold. Nug- 
gets of gold of considerable size are picked by hand from the ore, and 
occasionally very large masses are found. 

The simplest of all washing tools is the pan or batea, in which the 
ore is broken up in successive portions of water, the large pebbles 
picked out by hand and the lighter material removed by giving the 
water a peculiar circular motion. This operation is continued until 
nothing but the gold and heavier minerals remain. A final delicate 
manipulation spreads the material in the pan into a form like a fan 
with the gold at the point, and it can then be scraped out of the pan 
free, or nearly so, from the heavy minerals. This processis applicable 
only to the richer portions of the deposits. 

Poorer ores are treated in various hand-rocking arrangements, such 
as cradles and long toms, through which water runs while the ore is 
thrown in and broken up, both by the water and the shovel. Still 
poorer ores are treated in ditches and channels, where the heavy ma- 
terials are caught by riffles, and sometimes reworked in rockers. 

For carrying on the extraction of placer gold a good supply of water 
is required, and the absence of sufficient water limits the working of 
some deposits to the richest portions, while the working of other de- 
posits is prohibited altogether by this cause. The extraction of gold 
from this material is very irregular and uncertain, especially in newly 
discovered regions, since there is no way of predicting the richness or 
extent of the sand. 

Gold separated from placer deposits is fully illustrated in the free 
gold series of mineral specimens. 

To illustrate the special variety of placer gold, known as hydraulic 
gravel, five specimens are shown: 

(1) Showing several flakes of free gold, rich material; taken 18 feet above bed 
rock, 46 feet above bottom of chamber. (The specimen has been varnished to pre- 
vent disintegration.) French Corral Mine, Nevada County, California. (14864.) 

(2) Showing the ordinary run of the material. (The specimen has been varnished 
to prevent disintegration.) French Corral, Mine, Nevada County, California. 
(14865. ) 

(3) Showing free gold. Indian Hill Gravel Mining Company, Gold Run, Placer 
County, California. (14878.) 

(4) Showing the ordinary run of the material. (The specimen has peen varnished 
to prevent disintegration.) Cherokee Butte Mine, Cherokee Flat, Butte County, 
California. (14883.) 

(5) Showing the ordinary run of the material. Brewer Mine, Chesterfield County, 
South Carolina. (55539.) 


QUARTZOSE GOLD ORES. 


These ores are generally known as gold quartz or gold-bearing or 
auriferous quartz, but frequently contain large amounts of other mate- 
rial besides quartz. 
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They consist of quartz of several kinds, generally amorphous, but 
frequently crystallized, and generally milk white to colorless, but very 
often colored by iron; this coloring may be due to the stains from the 
recent decomposition of iron minerals, especially pyrite, or it may be 
an original ingredient of the quartz. Through this quartz gold is seat- 
tered, varying from invisibly fiie particles to coarse gold plainly visible. 
Sometimes considerable masses are found. 

The quartz freqnently contains other minerals, especially silicates 
and sulphides; these latter sometimes occur in large amounts, and are 
generally auriferous, in fact quartzose ores graduate insensibly into the 
sulphuret ores. i 

The ores occur in several kinds of veins and also as rock strata, but 
the richness of the various parts of a deposit may be very different, 
and under some conditions certain parts may not be rich enough to be 
profitably mined with the appliances at hand. 

The universal process for extracting the gold from quartzose ores is 
to crush the ore and submit it to the action of mercury, which forms a 
heavy amalgam with the gold, and separates it from the gangue mate- 
rial. After the gold has been extracted, the auriferous sulphides are 
generally separated and treated for the gold they contain. Although 
this process is not represented in the collections, it is essentially the 
same as the sulphuret process, illustrated by a collection from the Black- 
hawk Mill, Blackhawk, Gilpin County, Colorado. 

Besides the specimens of gold quartz in the mineral series, which are 
simply rich quartzose ores with visible gold, the following characteristic 
specimens of quartzose ores are shown. The series begins with pure 
white quartz containing a very small amount of pyrite, and continues 
with increasing amounts of pyrite and slate to the last two specimens 
which are only about one-half quartz. 

(1) Containing a few crystals of pyrite. Washington Mine, Mariposa County, 
California. (14506.) 

(2) Containing pyrite and slate. Chariot Mine, Banner district, Inyo County, Cali- 
fornia. (14850.) 

(3) Crystallized, containing pyrite and galena. New York Hill Mine, Grass Val- 
ley, Nevada County, California. (14959. ) 

(4) Containing galena and slate. Salsig Mine, Auburn district, Placer County, 
California. (15056.) 

(5) Containing a little pyrite and decomposed silicates. Pennsylvania Mine, Ne- 
vada City, Nevada County, California. (14928.) 

(6) Stained by decomposition products. Sierra Butte Mine, Sierra Butte district, 
Butte County, California. (15021.) 

(7) Containing several slaty veins. Chariot Mining Company, Banner district, 
Inyo County, California. (65355. ) 

(8) Intimate mixture of quartz, pyrite, and slate. Keystone Mine, Sutter Creek 
district, Amador County, California. (14994.) 

(9) Containing large amounts of various sulphurets, pyrite, chalcopyrite, galena, 
blende (sulphides of copper, iron, lead, and zinc). Plumas Eureka Mine, Plumas 
County, California. (15049.) 
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These ores consist of the sulphide of iron, pyrite, the sulphide of 
iron and copper, chalcopyrite, and the sulph-arsenide of iron, mispickel, 
the two former are by far the most common and always occur to- 
gether. Occasionally other sulphides are associated in small amounts 
with those named. The sulphides of iron and copper generally occur in 
a gangue of quartz, which is also auriferous, and these ores are some- 
times simply portions of quartzose veins, containing large amounts of 
sulphides. Mispickel generally occurs with a gangue of calcite or dolo- 
mite. The general occurrence of these ores is the same as the quartz- 
ose ores. 

The gold in sulphuret ores occurs in practically two distinct forms ; 
the first form amalgamates readily with mereury and can thus be sep- 
arated by that means; but after most prolonged and careful treatment 
with mercury there will always remain some gold in the sulphides. 
It is claimed that the gold that amalgamates occurs as free gold in the 
sulphides, while that which will not amalgamate occurs in a chemically 
combined condition, but this distinction has not been fully proved, and 
it seems more probable that all the gold occurs in the free state, but 
that the portions that will not amalgamate are protected by the phys- 
ical condition of the sulphides. 

For the extraction of the gold the ores are first crushed and sub- 
jected to amalgamation. The sulphides are then separated from the 
gangue, and further treated. 

Sometimes the concentrates are simply roasted to remove the sulphur 
and again amalgamated ; sometimes after roasting the gold is dissolved 
by chlorine gas in water, the solution containing the gold is filtered 
off and the gold recovered from the solution. Sometimes the roasted 
ore is used in some of the smelting processes, and this is especially the 
case when it contains copper. Aside from the gold value these roasted 
sulphides are very useful in fusion processes on account of the iron they 
contain, which acts as a basic flux. 

Mispickel ores are generally roasted previous to amalgamation to 
remove the arsenic as wellas the sulphur. 

The following ten specimens illustrate sulphuret gold ores: 

(1) Pyrite in quartz. Curraha Mine, Gainesville, Hall County, Georgia. (30834.) 

(2) Pyrite, crystallized in quartz. Gold Tunnel Mine, Nevada City, Nevada County, 
California. (14940.) 

(3) Pyrite in quartz. Gold Dirt Mine, Gold Dirt district, Gilpin County, Colo- 
rado. (19209.) 

(4) Pyrite and chalcopyrite, with a little quartz. Gregory Mine, Gregory district, 
Gilpin County, Colorado. (19223.) 

(5) Chaleopyrite in quartz. Bowery Mine, Ward district, Boulder County, Colo- 
rado. (19060.) 

(6) Intimate mixture of pyrite, chaleopyrite, galena, and blende. (Sulphides of 
copper, iron, lead, and zinc.) Bates Mine, Gilpin County, Colorado. (66356. ) 
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(7) Pyrite, undergoing decomposition, and staining quartz.. Ellis Mine, Culpeper 
County, Virginia. (33755.) 

(8) Crystallized pyrite, almost wholly altered to the hydrated oxide of iron, with 
a little quartz. Narcoochee Mine, White County, Georgia. (65151.) 

(9) Mispickel, (sulpharsenide of iron), crystallized in dolomite and quartz. Lake 
Mountain Mine, Sitka mining district, Alaska. (5656. ) 

(10) Mispickel, (sulpharsenide of iron) with quartz. Haley & Milstick Mine, near 
Silver Bay, Baranoff Island, Alaska. (34413.) 


TELLURIDE ORES. 


These ores consist of various tellurides of goldand silver, together with 
free gold and free tellurium in a gangue of quartz, occurring for the most 
part in veins, and associated with other ores. They are of limited occur- 
rence, except in the case of a few Colorado mines, which at one time 
produced large amounts. The process of extracting the gold varies 
according to circumstances, the most simple being to roast the ore, 
whereby the tellurium is driven off, and the gold set free, and then to 
crush and amalgamate. Much of this kind of ore is treated by fusion 
processes. 

To illustrate the telluride ores five specimens are shown: 

(1) Tellurides in porphyry. Superior Mine, Sugar Loaf district, Boulder County, 
Colorado. (19273.) 

(2) Roasted telluride ore, showing metallic gold set free by the roasting. Superior 
Mine, Sugar Loaf district, Boulder County, Colorado. (19270.) 

(3) Tellurides, with a little pyrite in quartz. Cold Spring Mine, Gold Hill district, 
Boulder County, Colorado. (19072.) e 

(4) Tellurides and free tellurium, crystallized, with a little pyrite in quartz. Key- 
stone Mine, Gold Hill district, Boulder County, Colorado. (19137.) 

(5) Tellurides and free gold, with pyrite in quartz. American Mine, Sunshine dis- 
trict, Boulder County, Colorado. (19090.) 


FUSION GOLD ORES. 


These ores are generally ores of other metals besides gold, and the 
gold is separated during the process of separating the other metals. 
They may be broadly separated into auriferous copper ores, auriferous 
silver and lead ores, and a third class containing very variable ores. 
To this latter class belong many of the telluride ores. No especial col- 
lection of fusion ores is shown, but they can be seen in the collections 
from the Argo Works, Colorado, and the Balbach Works, Newark, New 
Jersey, and also as the auriferous varieties of the ores of other metals. 
In the iatter case no especial distinction can be seen between the aurif- 
erous and non-auriferous varieties of the ores of other metals. 


PROCESSES OF EXTRACTING GOLD. 


HYDRAULIC GRAVEL DEPOSITS. 


Along the slopes of the Sierra Nevada Mountains of California occur 
immense bodies of gravel, made up of a large variety of material, and 
while quartzose sand and pebbles predominate, yet other materials are 
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frequently found, especially voleanic products. Nearly all of this gravel 
is known to contain gold, yet much of it can not be worked from vari- 
ous causes, the most important being the lack of water, and the fact 
that the material is overlaid by a more or less heavy cap of lava. Re- 
cently operations have been stopped by the courts on account of the 
damage done to farmers along the streams by the large amounts of tail- 
ings that were discharged into the river. 

A single workable deposit will sometimes cover hundreds of acres in 
extent, and be from 100 to 300 or even 400 feet in depth. The gold is 
generally more or less concentrated in certain strata, but it is only 
occasionally that these strata can be removed without moving the whole 
mass. The rich stratum or ‘‘ pay” is sometimes found near the top, 
and also at various other levels, but it is generally confined to the re- 
gion of the bottom or bed rock of the deposit. The average amount of 
gold that it is necessary that a deposit should carry in order to consti- 
tute a workable deposit varies greatly with circumstances, but, under 
moderately fair conditions, as small an amount as 4 cents worth of 
gold to acubie yard of gravel will yielil a reasonable profit. 

The means used for breaking down the gravel and separating the gold 
from the worthless material is water, hence the name ‘hydraulic pro 
cess.” For this purpose it is necessary to construct immense reservoirs 
for the storage of water. These reservoirs are constructed high up in 
the mountains, frequently 50 or more miles away from the gravel de- 
posit, and are very expensive. Several reservoirs hold more than 
1,000,000,000 cubic feet of water each. 

The water is brought from these reservoirs by means of ditches, 
flumes, and iron pipes, according to the character of country traversed, 
as near as possible, to the gravel deposit; it is then dropped down in 
nearly a straight and vertical pipe to the level of the bed-rock, where, 
by means of suitable pipes and nozzles, it is directed against the face 
of the gravel deposit. The pressure at which the water leaves the 
nozzle is very great, being seldom less than 50 feet, and sometimes being 
four to five hundred feet. When such a stream of water is properly 
directed against the gravel it disintegrates the deposit very rapidly and 
effectually. After the material is broken down it is carried along by 
the stream of water over the bed-rock, and then through a channel cut 
in the bed-rock to a series of sluices. A general view of the operation 
of this process is shown in PL. I. 

A suitable amount of mercury is placed in the sluices which amalga- 
mates with the gold, on coming in contact with it, and this amalgam, 
being very heavy, settles to the bottom of the sluices, and is held there 
by the riffles provided for that purpose. 

At certain suitable intervals the stream of water is much reduced, so 
that no fresh material is washed down, and a‘ clean-up” is made. The 
gold that occurs in nuggets of any size is generally retained in the 
crevices and depressions on the bed-rock, and the sizes of the particles 
decrease with the distance from the working face. In the clean-up men 
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are sent out to gather up all the loose gold and follow along to the 
sluices, and there gather up the amalgam. This amalgam is properly 
purified aud then heated in a retort to drive off mereury, which is then 
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Fic. 1. 
Scheme showing hydraulic mining. 


ready for use again. The retorted or sponge gold is sold to the mint, 
as are also the nuggets and coarse dust. 
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In some cases the gold is so much concentrated into certain well-de- 
fined strata that they can be removed without disiurbing the remainder 
of the deposit, by a system of mining known as drifting. 


NORTH BLOOMFIELD MINE. 


To illustrate the hydraulic process nine specimens are shown from the 
North Bloomfield Gravel Mine, North Bloomfield, Nevada County, Cal- 
ifornia, one of the largest hydraulic mines in the State. The collection 
was made by Mr. W. H. Radford, superintendent, October, 1884, 

(1) Auriferous gravel, average fair quality, from 1 foot above bed-rock. (55404.) 

(2) Nuggets, obtained in cleaning up. (55316. ) 

(3) Fine gold, from gravel lying directly on the bed-rock ; obtained by the drifting 
process. (55315.) 

(4) Quicksilver or mercury, used to amalgamate and save the gold as it passes 
through the sluices. Squeezed from amalgam. (55312. ) 

(5) Quicksilver or mercury, used to amalgamate and save the gold as it passes 
through the sluices. Distilled in retorting amalgam. (55313.) 

(6) Gold amalgam, taken from the sluices in cleaning up. Purified and squeezed 
amalgam. (55314.) 

(7) Sponge gold, obtained by heating the gold amalgam to drive off the mercury. 
(55317. ) 

(8) Black sand, consisting of various heavy minerals, especially magnetite, pyrite, 
zircon, and cassiterite, obtained with the amalgam in the sluices when cleaning up. 
(55318. ) 

(9) Sulphurets and heavy material, obtained in the clean-up in working over and 
purifying the amalgam. (55319. ) 

The operation of the process is further illustrated by the scheme as 
shown in Fig. 1. 


THE EXTRACTION OF GOLD FROM SULPHURETED ORES BY STAMP- 
ING AND AMALGAMATING. 


BOBTAIL MILL. 


This process is illustrated by a collection from the Bobtail mill, Black 
Hawk, Gilpin County, Colorado, 

The ore as delivered to the mill is first passed over screens to sep- 
arate the fine and coarse material; the coarse material is crushed be- 
fore being fed into the mortars, while the fine is fed direct. The mor- 
tars consist of cast iron receptacles, provided with a suitable bottom 
of cast-iron, that can be easily renewed. The sizes of the mortars vary 
according to circumstances, especially as regards depth. The front and 
back of the mortars are provided with amalgamated plates, to catch as 
much as possible of the gold during the crushing. Above the plates 
in the front of the mortar is an 80-mesh screen. <A stream of water is 
kept flowing through the mixture during the crushing. 

The ore being thrown into the mortar, the stamp is allowed to drop 
upon it in order to reduce it to the proper size. The stamp consists of 
a suitable piece of cast-iron on the end of a rod, that can be raised by 
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acam motion, and allowed to fall by its own weight by suitable me- 
chanical arrangements. The stamp weighs 500 pounds, and falis 16 
inches, thirty times per minute. As the stamp falls upon the ore, it is 
crushed, and as soon as it is fine enough, it passes out of the mortar, 
through the screen, by the water flowing through the mortar. After 
passing the sereen it is carried along over amalgamated silver-plated 
copper plates, which catch a still further portion of the gold. Below 
the plates there are arrangements for catching the amalgam that is 
carried along mechanically from the plates, and also to collect some of 
the richer portions of the material that will not amalgamate. After 
passing over these appliances the material passes through a concentrat- 
ing process, whereby the waste material is separated and thrown 
away, while the sulphurets are separated, and further treated at other 
works. 

These sulphurets as a general thing still retain about 10 per cent. of 
the gangue material, and from 9.5 to 1 ounce of gold per ton; they some- 
times contain a valuable amount of copper, and when roasted form a 
useful flux for smelting operations on account of the iron they contain ; 
they are in considerable demand tor this purpose. Occasionally rich 
sulphurets are picked by hand from the ore and sold to the smelters. 

To illustrate this process seven specimens collected by Mr. E. N. 
Rodgers, in November, 1884, are shown. 

(1) Ore, consisting of various sulphurets, principally pyrite and chalcopyrite in 
quartz and feldspathic material; an average fair sample of the material treated at the 
mill. Bobtail Mine, Blackhawk, Gilpin County, Colorado, (55837.) 

(2) Battery Pulp, showing the condition of the ore after it has been subjected to the 
pounding of the stamp in the battery and to the action of mercury, whereby a large 
portion of the guld is extracted. (55838.) 

(3) Stock, or the ore after crushing, as it passes through the sieves and over amal- 
gamated copper plates where the rest of the goid that will amalgamate is extracted. 
(55839. ) 

(4) Gold amalgam, as scraped from the copper plates, weighs 6 ounces and contains 
$40 worth of gold. (55842.) 

(5) Retorted amalgam, or gold sponge, weighs 2 ounces, 15 pennyweight, worth 
$46. (55843. ) 

(6) Concentrates, consisting of the sulphurets that have been separated from the 
ore after the extraction of the gold, they yet contain about one ounce of gold per ton 
that can not be recovered by amalgamation; they are, therefore, sold to the smelting 
works where, after roasting, they serve as a valuable flux, as wellas a source of gold, 
in the fusion process. (55840.) 

(7) Sand or tailings, consisting of quartz and other waste material in the ore, 
thrown away as valueless. (55841.) 


THE EXTRACTION OF SEVERAL METALS BY SMELTING. 


To illustrate the extraction of gold by smelting, a series of fourteen 
specimens from the Newark Smelting and Refining Works of EF. Bal- 
bach & Son are shown. The process followed at these works isa 
double one, embracing the separation of gold and silver from copper, 
and also combining the smelting operation with an electvolytic process. 
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These works are situated at a distance from any mining operation, and 
obtain their supplies wherever they can to the best advantage. The 
ores therefore are generally quite rich and vary constantly. As a conse- 
quence, the operations are somewhat complicated. 

A suitable mixture of ore is made up, and with the proper fluxes sub- 
mitted to a fusion, whereby the earthy material of the ore is separated 
into a slag, which is thrown away; while the metals are concentrated 
into a matte which contains most of the copper, with some of the iron of 
the ore, in the form of sulphides, and also the gold and silver. 

This matte is further concentrated by roasting and fusing to a second 
matte, and this process of refining goes on until nearly pure metallic 
copper is obtained. Through all these operations the gold and silver 
remain with the copper. 

The metallic copper is now subjected to an electric current in a suit- 
able bath, generally of sulphate of copper, whereby the copper is dis- 
solved at the anode, leaving the impurities containing the gold and 
silver behind, while pure copper is deposited on the cathode. This 
pure electrolytic copper is now ready to be worked up into mer- 
chantable forms. The residues, by a very simple operation, yield metal- 
lic gold and silver, which are readily separated. 


Ores. 
(1) Gold-bearing quartz. (55668.) 
(2) Gold-bearing sulphurets, consisting of a mixture of pyrite and chalcopyrite 
with a little quartz. (55667.) 
Fluxes. 
(1) Limestone. (55671.) 
(2) Fluor spar. (5567%.) 
(3) Cinder, from an iron puddle furnace. (55673. ) 


Intermediate products. 


(1) First matte, obtained by smelting the ore, contains gold, silver, copper, and 
iron combined with sulphur. (55674.) 

(2) Slag, obtained in smelting first matte, is practically free from gold, silver, and 
copper and is rejected. (55675.) 

(3) Second matte, obtained by roasting and fusing first matte, whereby large 
amounts of sulphur and iron are removed. (55676. ) 

(4) Black copper, obtained by roasting and fusing second matte, whereby nearly all 
the sulphur and iron are removed. (5677.) 

(5) Metallic copper, nearly pure, obtained by refining black copper. (55665. ) 

(6) Sulphate of copper, obtained as a by-product and used in making up the bath 
for the electrolytic separation. (55670.) 

(7) Residues, remaining from dissolving the copper, No. 55665, in the electrolytic 
process, and containing the gold, silver, and other impurities of the copper. (55662. ) 


Final products. 


(1) Metallic copper, a sheet of pure copper deposited by the electrolytic process. 
(55661. ) 

(2) Gold, fine metal, separated from the residues from the electrolytic process; 
weight, 1.3 ounces; valne, $27. (55681. ) 

(3) Silver, fine metal, separated from the residues from the electrolytic process ; 
weight, 104 ounces; value, $11.50. (55680. ) 
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APPLICATION OF GOLD. 
GOLD LEAF, 


A single illustration of the application of gold is shown in the ecol- 
lection Illustrating the manutacture of gold leaf from the works of 
Hastings & Co., Philadelphia, Pennsylvania. This collection begins 
with gold in sheets as thin as it is possible to roll it, and follows through 
the various stages of reducing its thickness, by beating between skins 
on a wooden block with a peculiar-shaped maul, until it is about 755 
of an inch in thickness, which constitutes the ordinary gold leaf of com- 


merce. The specimens are: ; 

(1) Ribbon of 234 karat gold, rolled as thin as possible between steel rollers, 
(51106. ) 

(2) Ribbon, cut into convenient size for beating. (51107.) 

(3) Foil, produced by beating No. 51107 for half an hour with a 15-pound hammer. 
(51108. ) 

(4) Foil, No. 51108, marked off into quarters. (51109.) 

(5) Foil, a quarter of No. 51109. (51110.) 

(6) Foil, obtained by beating No. 51110 for one hour with 12-pound hammers. 
(51111.) 

(7) Foil, No. 51111 marked off into quarters. (51112.) 

(8) Foil, a quarter of No. 51112. (51113.) 

(9) Foil, obtained by beating No. 51113 for five hours with 8-pound hammers. This 
specimen is inclosed in the skin used to inclose the foil during beating. (51114.) 

(10) Foil, commercial size of foil 33 inches square and 7;1;7 of an inch thick. (51115.) 

(11) One dollar coin, showing sufficient gold to make 100 sheets of No. 51115. 


*(51116.) 


IRIDOSMINE. 


This is a natural alloy of the rare metals iridium and osmium, con- 
taining variable proportions of these metals, together with rhodium, 
platinum, and ruthenium. It carries from 43 to 77 per cent. iridium, 
and L7 to 48 per cent. osmium. 

It crystallizes in the hexagonal system, but crystals are rare. It is 
generally found in flattened grains similar to gold dust, and associated 
with gold and platinum. It varies in hardness from 6 to 7, and in spe- 
cific gravity from 19.3 to 21.12, has a full metallic luster and tin-white 
color, and is only slightly malleable. 

Considerable amounts are found in washing for gold, especially in 
the beach sands of the Pacific coast. 

Iridosmine is remarkable for its infusibility and resistance to all ordi- 
nary solvents; all single acids and even aqua regia fail to dissolve it. 
Tridosmine, as found, is used only for tipping the points of gold pens, 
but considerable amounts are required for this purpose. The naturally 
occurring material is carefully picked under a magnifying glass, and 
all the grains of proper size and shape are saved and utilized. 

When iridosmine is sent to the mint with gold dust its removal causes 
considerable trouble. The plan now followed is to add a large amount 
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of silver to the metal and melt the mixture, and then allow the melt to 
stand some time. The grains of iridosmine do not alloy with the gold 
and silver, and being very heavy they settle to the bottom of the cru- 
cible. By carefully pouring off the top of the melt the iridosmine re- 
mains behind, with some silver and a little gold. The other metals are 
afterwards dissolved by acids, leaving the iridosmine. 

By fusing iridosmine with phosphorus and treating the fused mass 
with lime at a high heat a nearly pure iridium is obtained, and this is 
finding application for purposes where resistance to corrosive influ- 
ences is required. A small amount of oxide of iridium is used as a 
black color in decorating pottery. 

To illustrate iridosmine seven specimens are Shown. Four specimens 
from Randolph, Coos County, Oregon, represent the occurrence and as- 
sociates of iridosmine. 

(1) Sand, showing the material in which the gold and iridosmine are found. 
(64749. ) 

(2) Gold dust, containing a few flakes of iridosmine, together with some heavy 
material; obtained by washing the sand. (64747.) 

(3) Iridosmine, in scales and dust, separated from the gold; contains a small amount, 
of platinum. (44296.) 

(4) Black sand, consisting of various heavy minerals, especially magnetite, pyrite, 
zircon, cassiterite, and garnet, that collect with the metal in the washing operation. 
(64748. ) 

(5) Iridosmine, selected coarse scales, suitable for making pen points. California. 
(55407. ) 

(6) Iridosmine, selected fine scales, suitable for making pen points. California. 
(55406. ) 

(7) Iridosmine, separated from placer gold at the United States Mint, by fusing the 
gold with silver. (54971.) 


SILVER. 
SILVER MINERALS. 
SILVER. (WIRE SILVER.) 


Composition: Ag. Silver, generally containing a little gold and 
copper, and frequently other metals in very small amounts. 

Silver crystallizes in the isometric system, especially in cubes and 
octahedrons, and in combinations of these. Crystals are frequently 
very much distorted, while compound and twin crystals are very com- 
mon. Its most frequent occurrence is in the form of wires from 4 inch 
in diameter down to hair-like and mossy masses, which are generally 
distorted octahedrons. It frequently occurs in arborescent or tree-like 
forms in which the branching takes place at sixty or ninety degrees, 
which are likewise distorted crystals. It also occurs in superficial coat- 
ings, crystallized and unerystallized, and massive. Masses of several 
hundred weight have been found a number of times, and one mass at 
Sonora, Mexico, was said to weigh 2,700 pounds. 





> 


-*F 


COLLECTIONS IN ECONOMIC GEOLOGY AND METALLURGY. 17 


It varies in harduess from 2.5 to 3, and when pure its specifie gravity 
is 10.5, but impurities may raise it to 11.1, or lower it to 10.1. It has 
a beautiful white color, which soon tarnishes on exposure. It has a 
full metallic luster, and is malleable and ductile. 

It is an abundant source of silver, and is sometimes the chief prod- 
uct of a mine; this was especially so at the Silver Islet Mine, in Lake 
Superior. It is not limited to any level in its occurrences, being found 
at and near the surface as wellasin very deep workings. In the former 
case it is frequently the result of the decomposition of other silver min- 
erals, while in the latter it is an original silver mineral. ‘To illustrate 
the occurrence of free silver, twelve specimens are shown. 

(1) Coarse wire, with quartz and sulphides. Silver King Mine, Pinal County, 
Arizona. (65154.) 

(2) Thick wire or spike, in calcite with galena and blende. Santa Domingo Mine, 
Batopilas, Mexico. (64961.) 

(3) Wire or moss, in a cavity in quartz, together with various sulphides. Caribou 
Mine, Grand Island district, Boulder County, Colorado. (19292.) 

(4) Wire, on galena. May Flower Mine, Wood River District, Idaho. (5666.) 

(5) Arborescent plates, in quartz, with sulphides, especially galena. Monitor Mine, 
Philadelphia district, Nye County, Nevada. (15405.) 

(6) Intimately mixed with various sulphides in quartz. Monitor Mine, Philadel- 
phia district, Nye County, Nevada. (65366.), 

(7) Very thin plates, on chalcocite. Gagnon Mine, Butte, Silver Bow County, 
Montana. (33766.) 

(8) Very thin plates, on chalcocite. Gagnon Mine, Butte, Silver Bow County 
Montana. (65367.) 

(9) Plates, filling crevices in decomposed material. American Flag Mine, Ely dis- 
trict, Pioche, Lincoln County, Nevada. (15502.) 

(10) Plates, on indurated clay, part of the silver being altered to the chloride, 
cerargyrite. ‘Two Ikes Mine, Silver City district, New Mexico. (10199.) 

(1L) Very thin plates, in Gecomposed material. Silver Reef district, Washington 
County, Utah. (55328. ) 

(12) Thin flakes, in fossiliferous sandstone, the silver being associated with the 
fossils. Stormont Mine, Silver Reef district, Washington County, Utah. (55331.) 

ARGENTITE. (VITREOUS SILVER, SULPHURET OF SILVER, SILVER 

GLANCE.) 

Composition: Ag,S. Sulphide of silver, containing, when pure, silver 
87.1 per cent. and sulphur 12.9 per cent. 

It crystallizes in the isometric system, especially in cubes, octahe- 
drons, and dodecahedrons. It also occurs in reticulated, arborescent, 
and filiform masses, and occasionally amorphous. It varies in hardness 
from 2 to 2.5, and in specific gravity from 7.19 to 7.36, has a lead-gray 
color, inclining to black,and a full metallic luster. It can be easily cut 
with a knife into thin shavings. 

Argentite is an abundant source of silver, being found in many 
mines, especially below the water level. To illustrate the occurrence 
of argentite, five specimens are shown. 

(1) A group of branching octahedrons. Batopilas, Mexico. (64973.) 

(2) An imperfect crystal, in quartz, with other sulphides. Consolidated Virginia 
Mine, Comstock lode, Storey County, Nevada. (15171.) 

9110—No, 42 2 
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(3) An imperfect crystal, in quartz, with other sulphides. Crown Point Mine, Com- 
stock lode, Storey County, Nevada. (15446.) 

(4) Crystalline aggregate, with quartz and other sulphides. Crown Point Mine, 
Comstock lode, Storey County, Nevada. (65368. ) 

(5) Crystallized, in quartz, with other sulphides. Ophir Mine, Comstock lode, 
Storey County, Nevada. (15192.) 


STEPHANITE. (BRITTLE SILVER ORE.) 


Composition: Ag;SbS, or 5Ag.S+S8b,8;. Sulph-antimonide of silver, 
containing silver 65.5 per cent., antimony 15.3 per cent., and sulphur 
16.2 per cent. 

It erystallizes in the orthorhombic system, showing especially the 
basal, unit prism, and octahedron, brachy pinacoid, and brachy dome 2 
planes. It also occurs more or less massive and disseminated through 
other material. It varies in hardness from 2 to 2.5, and its specific 
gravity is 6.269. It is iron-black in color and has a metallic luster. It 
is quite brittle, whence its name, brittle silver ore. 

Stephanite is quite an important source of silver, being found in 
many mines, but the extraction of its silver is difficult, and the total 
yield from the mineral has not been large. To illustrate the occurrence 
of stephanite one specimen is shown. 


(1) Crystallized, in quartz. Chollar Potosi Mine, Comstock lode, Storey County, 
Nevada. (15183.) 


PYRARGYRITE. (RUBY SILVER, DARK-RED SILVER ORE.) 


Composition, Ag,;SbS; or 3Ag.S+Sb,.8;. Sulph-antimonide of silver, 
containing silver 59.8 per cent., antimony 22.5 per cent., and sulphur 
17.7 per cent. 

It crystallizes in the rhombohedral system, crystals being somewhat 
complex and frequently twinned. It also occurs in granular masses 
and sometimes as impalpable powder. It varies in hardness from 2 to 
2.5 and in specifie gravity from 5.7 to 5.9; is biack to dark red in color 
and opaque to translucent and has a bright metallic luster. 

Pyrargyrite is a valuable source of silver and has yielded a consid- 
erable amount of the metal, but the extraction of the metal is some- 
what difficult, and ores in which it is the chief mineral, as at Reese 
River, Nevada, must be very rich in order to pay the expense of work- 
ing. When it isexposed to decomposing influences, as in the portions 
of a vein above water level, it is prone to change, argentite, cerargy- 
rite, and silver being, at times, the result of its decomposition. To 
illustrate the occurrence of pyrargyrite, six specimens are shown: 

(1) Crystallized, in quartz, with other sulphides. Little Emma Mine, Lump Gulch 
district, Jefferson County, Montana. (11151.) Ea 

(2) Well crystallized, in quartz, showing also a few smali crystals of stephanite. 
North Star Mine, Reese River district, Lander County, Nevada. (15133.) 

(3) Well crystallized, in quartz, showing also a few small erystals of stephanite. 
North Star Mine, Reese River district, Lander County, Nevada. (65362.) 
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(4) Crystallized and granular, in quartz, with other sulphides. Comargo Mine, 
Reese River district, Lander County, Nevada. (15156, ) 

(5) Crystallized and granular, in quartz, with other sulphides, Allison Mine, Car- 
son district, Owyhee.County, Idaho. (14806.) 

(6) Intimately mixed with galena and blende, with a little quartz. Legai Tender 
Mine, Prickly Pear district, Jefferson County, Moatana. (11156.) 


PROUSTITE. (RUBY SILVER, ARSENICAL SILVER ORE, LIGHT-RED 
SILVER ORE.) 


Composition: Ag;AsS, or 3Ag,S+As,8;. Sulph-arsenide of silver, 
containing silver 65.5 per cent., arsenic 15.1 per cent., and sulphur 19.4 
per cent. 

It crystallizes in the rhombohedral system, and also occurs massive, 
It varies in hardness from 2 to 2.5 and in specific gravity from 5.42 to 
5.56, is cochineal-red in color, transparent, and has an adamantine 
luster. 

An interesting and important silver mineral, being found frequently 
with stephanite and pyrargyrite, and like them being difficult to reduce. 


HESSITE. (TELLURIC SILVER.) 


Composition: Ag,Te. Telluride of silver, containing silver 62.8 per 
cent. and tellurium 37.2 per cent. 

It erystallizes in the orthorhombic system and occurs also massive. 
It varies in hardness from 2 to 3.5 and in specific gravity from 8.3 to 
8.6, has a lead-gray color and metallic luster, and can be readily cut 
with a knife. 

An important silver mineral in a number of Colorado mines. 


TETRAHEDRITE. (FAHLERZ, GRAY COPPER ORE.) 


Composition: Cu,Sb.8,; or 4Cu,S+Sb.S;, with part of the copper re- 
placed by iron, zinc, mercury, or silver and part of the antimony by 
arsenic or bismuth, thus forming 4 very compjex composition. In the 
varieties containing silver it sometimes amounts to 31 per cent., but is 
more frequently less than 10 per cent. 

It crystallizes in the isometric system, especially in tetrahedrons 
(whence its name), and crystals are frequently very complex. It also 
and very frequently occurs massive. It varies in hardness from 3 to 
4.5 and in specific gravity from 4.5 to 5.11, and in color from gray to 
black, and has a full metallic luster. 

Tetrahedrite, while essentially a copper mineral, is generally more 
valuable for its silver contents, although very Feats in richness, 
and the extraction of the silver is intimately connected with the met: 
allurgy of copper. 

To illustrate the occurrence of tetrahedrite four specimens are shown: 

(1) Massive, with a little quartz. Witteknit Mine, Inyo County, California. 
(8272. ) 

(2) Massive, in quartz, very much stained by carbonates of copper from the decom- 
position of the tetrahedrite. Stewart’s Wonder Mine, Panamint district, Inyo 
County, California. (14831.) 


* 


20 BULLETIN 42, UNITED STATES NATIONAL MUSEUM. 


(3) Massive, in quartz, with a little galena, blende, and pyrite. Sheba Mine, Star 
district, Humboldt County, Nevada. (15591.) 

(4) Massive, intimately mixed with galena, blende, and pyrite. A verytharacter- 
istic specimen. Moose Mine, Park County, Colorado. (59411.) 


CERARGYRITE (HORN SILVER.) 


Composition: AgCl. Chloride of silver, containing silver, 75.3 per 
cent., and chlorine, 24.7 per cent. 

it crystallizes in the isometric system, especially in cubes, octahe- 
drous, dodecahedrons, and compounds of these. Its most general occur- 
rence is massive, especially in crusts and flakes, and as the filling of 
minute fissures. It varies in hardness from i to 1.5, and in specific 
gravity from 5.51 to 5.55. When pure and perfectly fresh it is pearl- 
gray to colorless, but foreign material may give it a variety of tints, 
and on exposure to light it soon darkens in color and may become black 
on the surface. It has a resinous luster and may readily be cut with a 
knife, whenceits name cerargyrite, which is the Greek equivalent of the 
common name horn silver. : 

Cerargyrite is one of the most important of all the silver minerals, 
and has yielded large amounts of the metal. It is generally the result 
of the decomposition of other silver minerals, and is therefore most 
abundant in the upper workings of a mine, above the water level. To 
illustrate the occurrence of cerargyrite Seven specimens are shown : 

(1) Imperfect crystals, resulting from the decomposition of ruby silver, in barite. 
Horn Silver Mine, Frisco district, Beaver County, Utah. (55337.) 

(2) Crystallized, in quartz stained by decomposition products. High Bridge Mine, 
Philadelphia district, Nye County, Nevada. (15726.) 

(3) Massive, with a little barite ; a nearly solid lump of chloride of silver, weigh- 
ing 10 pounds, and worth about $100. Robert E. Lee Mine, Leadville, Lake County, 
Colorado. (5440.) 

~(4) A thin crust on quartz. Eberhardt Mine, Havana district, Madison County, 
Montana. (10928.) 

(5) A crust on quartz. Meadow Valley Mine, Ely district, Lincoln County, 
Nevada. (15315.) 

(6) Flakes, in decomposed material, High Bridge Mine, Philadelphia district, Nye 
County, Nevada. (15713.) 

(7) Flakes, filling fissures in decomposed quartzose material. Barcelona Mine No. 
1, Spanish Belt district, Nye County, Nevada. (5832.) 


EMBOLITE (MEGABROMITE.) 


Composition: Ag (ClBr). Chloro-bromide of silver, in which the 
ratio of chlorine to bromine varies greatly, contains, silver 61 to 72 per 
cent., bromine 8 to 34 per cent., and chlorine 5 to 20 per cent. 

It crystallizes in the isometric system, and occurs also massive and as 
coatings. It varies in hardness from 1 to 1.5, and in specific gravity 
from 5.31 to 5.43; is colored various shades of green and yellow; has 
an adamantine luster, and darkens on exposure to light. 

Embolite frequently accompanies cerargyrite. To illustrate the oc- 
currence of embolite one specimen is shown: 


(1) Crystalline crust on chert. Robert E. Lee Mine, Leadville, Lake County, Colo- 
rado, (5442.) 
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SILVER OREs. 


For the extraction of the metal, silver ores may be divided into two 
classes, milling ores and smelting ores; these again are subdivided into 
free-milling and roasting-milling, and silver-smelting, and silver-lead- 
smelting ores. 

A milling ore is one from which the silver may be extracted by the 
use of mercury; a free-milling ore is one that yields its silver to mer- 
cury by simply crushing and submitting the fine material to the action 
of mercury, either with or without the aid of chemicals; a roasting- 
milling ore is one that requires roasting, generally with salt (chlorid- 
izing), before it will yield its silver to the mercury. 

A smelting ore is one from which the silver can be extracted by fusion 
in a suitable furnace; a silver-smelting ore is one containing the silver 
mainly in the metallic state, and yields high grade bullion at one fusion, 
this character of ore is rare; a silver-lead-smelting ore is a lead ore 
containing silver, and which, on smelting, yields silver-iead or base 
bullion. 

With the silver-lead-smelting ores are included the “dry” ores which 
require smelting to extract the silver but do not contain sufficient 
lead for that purpose. In smelting they are generally mixed with 
silver-lead-smelting ores containing an excess of lead or with silver- 
bearing copper ores. 

There are a few ores that do not conform to this classification, but 
require different and more elaborate processes for the extraction of the 
metal; among these should be especially noted the leaching and the 
silver-bearing copper ores. 


FREE-MILLING SILVER ORES. 


Strictly speaking, only those ores containing silver in the metallic 
state or as chloride (iodide, bromide) can be called free-milling, since 
these are the only silver minerals that yield the metal easily to mercury ; 
but by the use of various chemicals, especially sulphate of copper, other 
minerals, particularly the sulphide, can be made to yield the metal to 
mercury. 

The gangue carrying the silver minerals varies greatly, pure and un- 
altered quartz, impure quartz, especially stained by decomposition prod- 
ucts and containing oxides of several metals, particularly iron and man- 
ganese, and carbonates of lime and magnesia, calcite and dolomite, 
being the most common. 

In some cases mines produce free-milling ores at all depths, where 
the characteristic ore from the lower levels is essentially quartz or cal- 
cite carrying free silver, argentite,and similar minerals. In a great 
many cases, however, a mine will produce free silver and chloride at 
and near the surface, or above the water level, from the decomposition 
of other silver minerals, and after passing the water level the charac- 
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ter of the ore will change and cease to be free milling. In some cases 
the ore simply becomes a roasting-milling ore ; in some it may become 
a silver-lead smelting ore, and in others metals occur with the silver 
requiring a special treatment, while in others it may become so refrac- 
tory that its silver can no longer be extracted to advantage. 

In many cases ores that are called free-milling contain silver that will 
not amalgamate, and frequently in such cases the tailings from the pro- 
cess contains enough silver to be reworked by other processes. Some- 
times ores containing the metal partly in a condition to amalgamate and 
partly not are treated as if none of it would amalgamate. 

To illustrate the occurrence of strictly free-milling ores thirteen 
specimens are shown: 


(1) Free silver, in fine wire and moss, and. sulphides, especially galena and blende, 
in calcite. Santa Domingo Mine, Batopilas, Mexico. (64959, ) 

(2) Free silver, in a mass of black decomposition products, in quartz stained by iron 
and copper. Arizona Mine, Buena Vistadistrict, Humboldt County, Nevada. (15620. ) 

(3) Silver and cerargyrite, in fossiliferous sandstone, the silver being more or less 
intimately associated with the fossils; commonly called silver-bearing sandstone. 
Rich ore. Barbee and Walker Mine, Silver Reef district, Washington County, Utah. 
(55322. ) 

(4) Cerargyrite. in small specks in siliceous sandstone. Rich ore. Stormont Mine, 
Silver Reef district, Washington County, Utah. (55333.) 

(5) Cerargyrite, in thin but large flakes on limonite. Mount Diablo Mine, Colum- 
bus district, Esmeralda County, Nevada. (15687.) 

(6) Cerargyrite, in small tlakes scattered through quartz stained by decomposition 
products. Mineral Hill Mining Company, Mineral Hill district, Elko County, Ne- 
vada. (15325.) 

(7) Siliceous limestone, containing the silver as cerargyrite. Eberhart and Aurora 
Mine, White Pine district, White Pine County, Nevada. (15660.) 

(8) Limestone and quartz, showing stains of decomposition from copper minerals, 
containing the silver as cerargyrite. Eberhart and Aurora Mine, White Pine district, 
White Pine County, Nevada. (65317.) 

(9) Limestone and quartz, showing stains of manganese; a frequent associate of 
free-milling ores. Eberhart and Aurora Mine, White Pine district, White Pine County, 
Nevada. (65518. ) 

(10) Quartz, stained by lead and iron decomposition products. Northern Belle Mine, 
Columbus district, Esmereida County, Nevada. (15631.) 

(11) Quartz, stained by lead and copper decomposition products. Brown’s Hope 
Mine, Lida Valley district, Esmeralda County, Nevada, (15578.) : 

(12) Quartz, stained by lead decomposition products and containing a little galena; 
also stained by carbonate of copper. Star Mine, Mineral Hill district, Elko County, 
Nevada. (15326.) 

(13) Quartz, stained by lead, copper, and iron decomposition products. Tipton 
Mine, Columbus district, Esmeralda County, Nevada. (15633.) 


To illustrate free-milling ore requiring the use of chemicals, twelve 
specimens are shown: 


(1) Quartz, containing sulphides more or less decomposed. Belmont Mine, Phila- 
delphia district, Nye County, Nevada. (15366.) 

(2) Quartz, containing sulphides more or less decomposed; showing stains of cop- 
per. Little Bonanza Mine, Cope district, Elko County, Nevada. (15817.) 
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(3) Quartz, stained by decomposition products, especially copper minerals. Bel- 
mont Mine, Philadelphia district, Nye County, Nevada. (15428.) 

(4) Galena and tetrahedrite, showing decomposition. Highbridge Mine, Philadel- 
phia district, Nye County, Nevada. (15459.) 

All the following specimens are from the Comstock Lode, Storey 
County, Nevada: 

(5) Free silver, argentite, stephanite, and other sulphides, with quartz, both 
characteristic and stained by decomposition products. Mexican Mine. (15463.) 

(6) Argentite, in quartz, with othersulphides. Rich ore. Hale & Norcoss Mine. 
(15202. ) 

(7) Various sulphides, especially argentite and sulph-antimonides of silver, in 
quartz. Rich ore. California and Consolidated Virginia Mine. (15364.) 

(8) Various sulphides, especially argentite, pyrite, and chalcopyrite, in quartz. 
Rich ore, Crown Point Mine. (15223.) 

(9) Quartz, milk white, imperfectly and coarsely crystallized in plates, with 
argentite deposited between the crystals. Very characteristic. Crown Point Mine. 
(65319. ) 

(10) Decomposed material and quartz, showing small amounts of sulphides. A 
good representative specimen. Consolidated Virginia Mine. (15191.) 

(1L) Quartz with some calcite, carrying sulphides. Average value $70 per ton. 
A fair representative specimen. Belcher Mine. (15225.) 

(12) Sulphides, argentite, galena, blende, chalcopyrite, with a little quartz. Rich 
ore. Ophir Mine. (15193.) 

These Comstock ores contain on the average nearly 50 per cent. of 
their value in gold, but the relative amount of silver by weight exceeds 
the gold so much that they are classed as silver ores, and are treated 
by the milling process with the use of chemicals, and well illustrate this 
character of ores. 

ROASTING MILLING ORES. 


Where silver ores contain so much base metal, as lead or copper, 
especially in the form of sulphides, as to prevent the silver from amal- 
gamating, and yet not enough to constitute a smelting ore, or when the 
Silver is in a complex compound, such as the sulph-antimonides and 
arsenides, that will not amalgamate, they must be roasted before they 
will readily yield the metal to mercury. Occasionally a simple roasting 
is sufficient, but generally an addition of salt is required in order to 
convert the silver into chloride. 

These ores generally occur in a quartzose gangue, and while this is 
occasionaliy stained by decomposition products it is frequently quite 
pure and unaltered. Sometimes carbonates, especially the carbonate 
of manganese, are abundant in the ore. 

To illustrate the occurrence of roasting-milling ores five specimens, 
together with a complete series from the Ontario Mine, are shown. 


(1) Free silver and argentite, in quartz, together with an intimate mixture of sul- 
phides, several of which carry silver; also carbonate of manganese (rhodochrosite). 
Rich ore. Moulton Mine, Deer Lodge County, Montana. (55576.) 

(2) Argentite, in quartz, together with an intimate mixture of sulphides, several 
of which carry silver; also carbonate of manganese (rhodochrosite). Moulton Mine, 


Deer Lodge County, Montana. (55561. ) 
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(3) Various sulphides, especially galena, in quartz and rhodochrosite. Ordinary 
run of ore. Moulton Mine, Deer Lodge County, Montana. (55575.) 

(4) Pyrargyrite and stephanite, in quartz. Rich ore. Grove’s Mine, Reese River 
district, Lander County, Nevada. (15127.) 

(5) Pyrargyrite and stephanite, in quartz, with various other sulphides, especially 
pyrite. Rich ore. The specimen shows the full width of the vein. Dollarhide 
Mine, Reese River district, Lander County, Nevada. (15136.) 


THE ONTARIO MINE. 


This mine is situated at Park City, Summit County, Utah, and is one 
of the model silver mines of the country, having been a constant pro- 
ducer of bullion since it was first opened in 1874, and being now well 
developed and prospected several years ahead of the actual mining. 

The vein is a contact between a porphyry hanging wall and a 
quartzite foot wall, the latter dipping towards the vein. The vein 
proper is 10 to 45 feet thick, while the pay streak varies from 10 inches 
to 16 feet. It has been developed for a distance of 3,000 feet along the 
strike and toa depth of 1,000 feet. Thereare three three compartment 
shafts, two compartments being for the hoisting of ore and the other for 
pumps and pipes. Owing to the shattered and fissured nature of the 
foot wall the mine receives the drainage of a very large area, and is con- 
sequently very wet; 6,000 gallons a minute of water are pumped and 
drained from it. 

The ore from the upper levels was free-milling, but as depth was 
gained it became more and more base from the increase of zine, lead, 
and copper sulphide minerals, and all the ore required roasting with 
salt. At still greater depths galeua, very rich in silver, appeared 
abundantly, and now considerable smelting ore is produced. Thus the 
mine furnishes an excellent illustration of the changes which take place 
in going down upon a vein. 

The ore consists of quartz and sulphides, most of which are more or 
less decomposed ; pyrargyrite, galena, blende, tetrahedrite, and car- 
bonates of copper being readily discernable, while wulfenite and free 
sulphur are occasionally found. There is a considerable amount of 
clay, generally more or less stained by copper. 

The collection from this mine was made by Captain Keith in October, 
1884. Itincludes nineteen characteristic specimens taken over a large 
area of the mine, and is thoroughly representative. 

The following specimen represents the general character of the vein: 


(1) Galena, blende, tetrahedrite, pyrite, decomposition products. From 4th level, 
670 feet west of drain tunnel. (55733.) 


Five samples from different points on the fifth level west of drain 
tunnel show: 

(1) Quartz, colored by various decomposition products, especially copper. 125 feet, 
(55726. ) 

(2) Decomposition products, in quartz. 400 feet. (55729.) 
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(3) Galena, decomposition products, especially copper, and quartz, 506 feet. 
(55730. ) 

(4) Decomposition products in quartz. 577 feet. (55731.) 

(5) Foot wall. 647 feet. (55742. ) 

(1) Decomposition products, pyrite. From sixth level, 80 feet east of drain tunnel. 
(55725. ) 

(2) Galena, pyrite, blende, and decomposition products. From sixth level, 70 feet 
east of drain tunnel. (55724.) 


A section of the vein on the sixth level, about 125 feet west of the 
drain tunnel, is illustrated by four specimens: 

(1) Hanging wall, stained by copper and iron. (55738. ) 

(2) Hanging wall. (55739.) 

(3) Quartz, stained by decomposition products, especially copper and manganese. 
(55727. ) 

(4) Foot wall. (55741.) 


A section of the vein on the sixth level, about 1,400 feet west of the 
drain tunnel, is illustrated by six specimens: 


(1) Hanging wall. (55740.) 

(2) Galena, decomposition products. (55734.) 

(8) Galena, blende, tetrahedrite, decomposition products. (55735. ) 

(4) Decomposition products, quartz. (55736.) 

(5) Decomposition products. (55737.) 

(6) Foot wall. (55743.) 

(1) Galena, decomposition products. From the eighth level, 130 feet west of drain 
tunnel. (55728.) 


: SILVER SMELTING ORES. 


These ores consist of free silver, generally in crystalline branching 
aggregates of immense size, with occasionally a small amount of argen- 
tite,in a gangue, generally of crystalline calcite, the silver amounting 
in some cases to two-thirds of the weight of the ore. Along with this 
very rich ore there is always a large amount of lower-grade ore requiring 
avery different mode of treatment. On account of the richness of these 
ores the actual amount produced is small compared with the amount of 
the poorer ores. One ton of the former may be worth more than 100 
tons of the latter. 

The rich ores are simply melted, generally on a enpel, with suitable 
fluxes, to remove the gangue and leave the pure silver behind. The 
most common flux is litharge or oxide of lead. When argentite occurs 
with the silver scrap iron is added to reduce the silver from it. In 
some cases metallic lead is added and has to be removed by cupellation 
after the separation of the gangue and metal. 

These ores are seldom treated at the mine, but are generally shipped 
away and are treated at some central point whenevera sufficient amount 
has accumulated. Many Mexican and South American mines have 
produced large amounts of silver from this character of ore. Some 
mines, notably the Kongsberg, in Norway, produce a large amount 
of silver in the native state in considerable masses. 
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These ores are simply lead ores containing a valuable amount of sil- 
ver. In most cases there are no physical characters to distinguish the 
argentiferous from the nonargentiferous lead ores; and since the pro- 
cess of smelting the lead is the same in both cases, they will be shown 
in the lead series. 


PROCESSES OF EXTRACTING SILVER. 


THE EXTRACTION OF SILVER FROM BASE ORES BY ROASTING AND 
MILLING. 


The ore as delivered at the mills is first passed over a“ grizzly,” 
which is a screen of parallel bars, to separate the coarse from the fine. 
The coarse material is then passed through rock breakers to reduce it 
toa suitable uniform size. The fine ore from tie grizzly and that from 
the breaker are passed on to some kind of a drying apparatus. After 
being thoroughly dried the ore is crushed, the fineness of the crushing 
depending on the character of the ore. The stamped ore is generally 
mixed with a certain proportion of dry stamped salt; in some cases, 
however, the salt is mixed with the ore previous to stamping. The 
amount of salt added to the ore varies according to circumstances, «e- 
pending both upon the amount of silver in the ore and also upon the 
character of the gangue, rich ores requiring more salt and ores con- 
taining manganese requiring large amounts of salt. 

The mixed ore and salt are next passed on to some kind of a roasting 
furnace, the object of the roasting being to transform the silver into 
chloride by means of the salt. Owing to the fineness of the material a 
considerable amount is carried out of the furnace by the draft, and this 
is collected as far as possible in dust chambers and flues, the material 
so collected being added from time totime to the product of the furnace. 

After roasting the material is withdrawn from the furnace and ail- 
lowed to remain in heaps in order to complete the chloridizing of the 
silver, after which it is transferred to the pans. In the pans a suita- 
ble amount of water is added to make a thin paste and sufficient 
mercury to gather the silver intoan amalgam. Sometimes chemicals 
are also added in the pan, but this should be avoided as far as pos- 
sible, and generally can be, by giving sufficient attention to the roast- 
ing. A thoroughly roasted ore should require no treatment in the pan. 
The use of a small amount of zine in the pan is quite common and 
serves to protect the iron of which the pans are made. 

By suitable arrangements the pulp in the pans is kept agitated, in 
order to bring the mercury into the closest contact possible with the 
ore; at the same time the ore is ground still finer. This operation is 
continued until as much as possible of the silver has combined with the 
mercury. 
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Erratum. 


Cancel Plate m1, and also the explanation of the same on Page XII. 


[This notice is sent to the recipients of Bulletin No. 42 of the U.S. National 
Museum, in compliance with the receut request of the author, Mr. F. P. Dewey. ] 
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After the amalgamation is complete the material is run out from the 
pans into settlers, which are similar to the pans, except that they do 
not grind. In these the pulp is made much thinner by the addition of 
water, and the agitation of the material is so graduated as to keep the 
fine light ore in suspension, and to allow the heavy amalgam and mer- 
cury to sink to the bottom. 

From time to time the water holding the waste material in suspension 
is: drawn off at the top, and the amalgam and excess of mercury from the 
bottom. After leaving the mill the water carrying the tailings, or waste 
material, is allowed to deposit the tailings, which soon accumulate in 
large amounts. 

The object of the whole operation is to remove as much as possible 
of the silver, so that these tails will be worthless. They are never entirely 
free from silver, and in some cases, owing to the bad working of the 
mill from various causes, or to a special rebelliousness of the ore, they 
have to be run through the mill again. In some eases, while yet con- 
taining a considerable amount of silver, they are allowed to accumulate 
until they can be treated more cheaply. 

The amalgam from the settlers is thrown into stont canvas bags, which 
retain the amalgam, but allow the excess of mercury to strain through; 
this mereury is then ready to be used over again. The hard dry amal- 
gam remaining in the strainers is collected, put into cast-iron retorts, 
and heated to drive off the mereury, which is collected and is ready for 
use again. The silver sponge or bullion remaining in the retort is 
melted in crucibles, and cast into ingots of suitable size. 

The fineness or amount of silver in 1,000 parts of this bullion varies 
greatly, and depends upon the character of the ore, since the other 
metals found associated with the silver are affected more or less in the 
same way as the silver, and foliow along through the whole operation 
with it, and are found in the bullion. This impure bullion has to be 
subjected to a refining operation in order to separate the silver, this, 
however, is generally carried on at a separate works, and especially at 
the mints. 

A cross-section of a mill suited to this operation is shown in PL. IIT 
and the interior of a pan mill for extracting the silver by amalgamation 
in PL. IV. 

To illustrate this operation two collections are shown. The first is 
from the Ontario Mill, Park City, Summit County, Utah, and the sec- 
ond from the Moulton Mill, Butte, Silver Bow County, Montana. 


THE ONTARIO MILL. 


This mill treats only the ores extracted from the Ontario mine. The 
ores from the Ontario mine, in the upper levels, consist of entirely de- 
composed material, being quartz stained by decomposition products, 
but in the lower levels unaltered sulphides make their appearance, 
especially galena, blende and tetrahedrite. Imbedded in the compact 
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galena will frequently be found patches of pyrargyrite, hardly to be 
distinguished from the galena, except by the closest inspection. The 
lump galena is very rich in silver, averaging about 200 ounces per ton, 
select specimens running as high as 800 to 900 ounces per ton. The 
average amount of lead in the ore is 2 per cent. The average amount 
of silver in the ores treated is about 100 ounces per ton, of which 96 per 
cent. is saved in the mill, 3 ounces remain in the tailings, and 1 ounee 
is lost in the treatment. 

In this mill the ore and salt are dried in revolving dryers and stamped 
separately, the ore passing a No. 30 screen, and the salt a No. 16. 

There are 80 ore stamps weighing 860 pounds each, making 96 drops 
of about 8 inches per minute, crushing 65 to 75 tons per 24 hours. 
There are 10 salt stamps weighing 430 pounds, making 94 drops per 
minute. By means of an automatic discharge the proper percentage of 
the dry stamped salt is added to the dry stamped ore as it is being ele- 
vated in buckets from the stamps to the top of the roasting furnace. 

The roasting furnace, of the Stetefeldt pattern, is a plain square stack, 
46 feet 6 inches high, 8 feet square at the bottom and 4 feet square at — 
the top. At one side of the stack is a fireplace for wood and the flame 
from this fire passes into and through the stack. Near the top of this 
main stack a return flue 3 feet square, heated by an auxiliary fire, 
leads to aseries of dust chambers. The mixed ore and salt are delivered 
to the top of the stack into an oscillating sieve, which sifts the material 
into the furnace. It takes about two minutes for the material to fall 
from the top, through the flame, to the bottom. This heating sets up 
the reactions necessary to convert the silver into the form of chloride, 
and the reaction continues after the material has passed through the 
flame. The roasted ore is allowed to collect in the bottom of the fur- 
nace, and of the return flue, and is withdrawn from time to time, about 
twice as much being taken from the latter as the former; it is then al- 
lowed to remain about 16 hours on the floor of tbe furnace house in 
order to complete the chloridizing. At longer intervals the material 
collected in the dust chambers is added to the piles of roasted ore from 
the two stacks on the floor. . 

The roasted ore is now taken to the pan house and mixed with hot 
water in the pans, which are 5 feet diameter and 3 ‘feet high. A 
charge consists of 2,800 pounds of ore and 350 pounds of mercury, 
to which a small amount of granulated zine is added. The agitator is 
revolved about sixty-five times a minute, and in about 8 hours the 
amalgamation is complete. After the amalgamation the material is 
run into the settlers and more water added. The settlers are 8 feet in 
diameter and 4 feet high, and the agitator makes 14 revolutions per 
minute. In about 4 hours the amalgam settles, so that the first portion 
of water can be run off; more water is then added, and the washing 
continued for about 4 hours more, so that the settlers will be ready for 
the next charge from the pans. 
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From the settler the pulp passes through two agitators 9 feet in 
diameter and 4 feet high, running at eleven revolutions per minute. 
In these a small amount of amalgam that has been carried away 
mechanically during the washing is saved; from the agitators the 
pulp passes to the tailings dump. 

The amalgam is taken from the settlers, cleaned and retorted. The 
retorts hold about 200 pounds of amalgam, and it requires about 8 
hours to distill the mercury. The bullion from the retort is melted and 
cast into bars weighing about 100 pounds, eight bars per day being the 
products of the works. The bullion is from 600 to 800 fine. 

The collection was made by the writer with the assistance of Mr. J. 
KE, Gallagher, the superintendent of the mill, in September, 1884, and 
includes five samples of the lump ore, a sample of the material pass- 
ing through the grizzly, and a sample of the ore from the rock crusher, 
the dried and stamped ore, the dried and stamped sait, the mixed ore 
and salt, a full series of roasted ore and flue dusts, the mercury and 
amalgam, the bullion and a model ingot. The exterior of the mill is 
shown in PL. V. 


STAMP MILL SAMPLES. 
Ore. 


(1) Quartz, stained by decomposition products, showing especially manganese and 
a little copper. (11476.) 

(2) Decomposition products, containing lead salts, showing stains of copper and 
manganese. (55732.) 

(3) Decomposition products and quartz, showing slight stains of copper and man- 
ganese. (55696.) 

(4) Galena and blende, in chert. (55697. ) 

(5) Galena, containing ruby silver. (55695. ) 

(6) An average sample of what passes through the grizzlies. (55700.) 

(7) Crushed, as it comes from the breaker. (55701.) 

(8) Dried, after passing through the hot cylinders. (55702.) 

(9) Stamped. (55703. ) 

Salt. 


(1) Used for chloridizing, obtained by solar evaporation of the water of Great Salt 
Lake, Utah. (55704.) 
(2) Dried and stamped, ready for mixing with the ore. (55705). 


Turnace charge. 


(1) Ore carrying 105 ounces of silver, mixed with 17 per cent. of salt, ready for charg- 
ing into the Stetefeldt furnace. (55706.) 


FURNACE SAMPLES. 
Roasted ore. 


1) From main stack of Stetefeldt furnace. (5570 
2) From return flue of Stetefeldt furnace, (5 
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Flue dust. 


(1) First chamber. (55709.) | (7) Seventh chamber. (55715.) 
(2) Second chamber. (55710.) | (8) Ninth chamber. (55716.) 
(3) Third chamber. (55711.) | (9) Tenth chamber. (55717.) 
(4) Fourth chamber. (55712.) | (10) Eleventh chamber. (55718.) 
(5) Fifth chamber. (55713.) _ (11) Twelfthchamber. (55719.) 


(6) Sixth chamber. (55714.) | 


MILL SAMPLES. 


(1) Mercury, used in the pan to amalgamate the silver. (51117.) 

(2) Silver amalgam, taken from the strainer. (55720.) 

(3) Tailings, containing three ounces of silver per ton; thrown away as waste. 
(55723. ) 

(4) Silver bullion, about 700 fine. (55721.) - 

(5) Model of ingot No. 11998, containing 1,551.50 ounces of bullion 646 tine. (55722.) 


MOULTON MILL. 


The process followed is the same as at Park City, but it varies in its 
details, partly on account of the general difference in the character of 
the ores treated, and partly because ores from different mines with 
varying characters are treated. The Moulton ores carry their silver in 
the form of native silver, argentite, and ruby silver, together with 
argentiferous sulphurets. The main difference between the two ores 
being the large percentage of pyrite and manganiferous minerals, and 
smaller percentage of blende in the Moulton ores. In the ores from the 
lower levels, the carbonate of manganese (rhodochrosite) is quite abun- 
dant, but in the upper levels this has been altered to various oxides of 
manganese, which consume and waste large amounts of salt in the roast- 
ing operation. 

In the mill the ore and salt are mixed before drying, and are then 
spread over hot plates to dry; after drying they are stamped and 
roasted. The roasting takes place in a revolving cylinder of the How- 
ell pattern ; this consists of a hollow iron cylinder lined with firebrick, 
set atan angle and slowly revolved. The ore is fed into the cool end, 
as it descends toward the hot end successive portions are exposed 
to the action of the flames, and in this way the roasting is accom- 
plished. A much larger portion of the ore passes through the furnace 
than in the Stetefeldt roaster, consequently less fine ore is carried off 
by the draft, and fewer chambers are required to catch the dust. At 
the Moulton mill some of the dust chambers are emptied only at long 
intervals. After roasting the ores are allowed to stand from three to 
five days on the floor, and from that stage of the process until the melt- 
ing of the bullion the process is the same as at the Ontario mill. 

The collection was made by the writer with the assistance of Mr. J. 
K. Clark, general superintendent, in September, 1884, and includes— 
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STAMP MILL SAMPLES. 
Ore. 


(1) Free silver and argentite, on crystallized quartz, witha little pyrite. Very rich 
specimen. (65146.) 

(2) Various sulphides, in quartz. (55560.) 

(3) Galena and blende, in quartz, with a little rhodochrosite. (5556L.) 

(4) Pyrite and chaleopyrite, in crystals. with galena and blende, in quartz, (55562. ) 

(5) Surface ore, showing large amouuts of oxides of manganese. From the None- 
such mine. (55564.) 

(6) Average sample of the lump ore, showing sulphides in quartz and rhodochro- 
site. (55563.) 


Salt. 


(1) Used for chloridizing, obtained by solar evaporation of the water of Great Salt 
Lake, Utah. (55565. ) 


Furnace charge. 


(1) Consisting of ore containing 55 to 60 ounces of silver, and salt, stamped together. 
(59566. ) 


FURNACE SAMPLES. 


Roasted ore. 


~ 


(1) From Howell roaster. (5556 


-) 


Flue dusts. 
(1) First chamber. (55568. ) 
(2) Second chamber. (55569. ) 
(3) Third chamber. (55570. ) 
(4) Fourth chamber. (55571.) : 
(5) Main flue, 100 feet from fourth chamber. (55572.) 


MILL SAMPLES. 


(1) Mereury, used in the pans to amalgamate the silver. (55573.) 
(2) Silver amalgam, taken from the strainer. (55574.) 
(3) Silver bullion, from the retort. (55836. ) 


THE ZIERVOGEL PROCESS. 


This is an exceedingly interesting compound process for the treatment 
of argentiferous copper ores, and is frequently modified so as to include 
gold ores. Frequently, also, gold and silver ores free from copper are 
used in the process, the gold and silver in them being gathered and 
concentrated by means of the copper in the copper ores. The process 
depends upon the fact, that when a mixture of sulphide of iron, copper, 
and silver, such as an ordinary argentiferous copper matte produced 
by a series of preliminary roasting fusions, is exposed to the action of 
air at the proper temperature the iron is readily converted into sul- 
phate, at a somewhat higher temperature this will decompose, giving 
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off sulphuric anhydride, and sulphate of copper will be formed, at 
a still higher temperature this will decompose, giving off sulphuric 
anhydride, and sulphate of silver will be formed. Sulphate of silver 
being soluble in water, while the oxides of iron and copper, formed by 
the decomposition of the sulphates, are insoluble, it can be readily 
leached out by warm water. 

Metallic silver can be precipitated from the solution of silver sulphate 
by letting it flow over metallic copper plates. The residues are fre- 
quently treated a second time for silver, and if the ores contain gold 
they are always treated for the recovery of this metal, after which the 
copper is recovered by smelting. The copper in the solution after pre- 
cipitating the silver is precipitated by serap iron. 

Boston and Colorado Smelting Works.—The Ziervogel process is illus- 
trated by a collection from the Boston and Colorado Smelting Works 
situated at Argo, near Denver, Colorado. They were built chiefly for 
the purpose of extracting silver and copper from argentiferous copper 
ores, but the process has been extended so as to include gold ores in 
the treatment. The works are so situated that they can draw their 
supplies from an extended area of country, and thus command a large 
variety of ores, and especially refractory ores. 

Besides the strictly argentiferous copper ores for which the Ziervogel 
process was devised, many rebellious ores, especially those containing 
zine, which can not be readily treated in any other way, and in fact 
almost any gold or silver ore, except those containing large amounts of 
lead, are treated successfully. This treatment of rebellious ores is ren- 
dered possible by having a good supply of docile ores for mixing. 

Ores consisting essentially of sulphides are first roasted to remove the 
excess of sulphur. Lump pres are roasted in kilns and the sulphur re- 
duced to7 percent. Fine ores are roasted in reverberatory furnaces and 
the sulphur reduced to5 percent. The roasted ores are mixed with raw 
ores not requiring roasting, and the mixture smelted in a reverberatory 
furnace for the production of matte. The ore mixture is made up so 
that 16 tons will produce 1 ton of matte of the following composition: 


Matte 

Per cent. 
Sop Pere (CU pees a tee ee ee 38. 78 
Wea da GD) fs eee se ee ee eee ete arate sel eee 24, 52 
IroniGhe\iaeasane thas Bf REL Ses Bee iy aa sae tee ee 7.49 
ZANCiCLN) oo ot oe cone ces eee toe a eee Cee eee ee 3. 42 
Mi Rainer ioe Gul ieechstiese Sug sagescsdos deecod sssees Sosa: 0. 32 
Silveri(Ao) secs celers Seale ee eia eee elena ke ae a er ae 2.48 
Gold \(Ani)oe eo escccs ee cae Sook See ees eee eee ee 0, 05 
AntimonyaiSD) ie cecs 2 ce sete ae oes ee eee og ere 0, 08 
Sulphury(S)2 ase 3! Beas os ae ose oe ee eee 22. 26 


Insoluble resides. 250-0. 2 o- 4 Sse eee ee eee 0. 46 
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The earthy impurities of the ore form a slag of the following compo- 
sition : 


Slag 

Per cent. 
SilCan(SlOD eeeee eee tea sete ae iet- ao eGlies eee oon sO 
Aun nTey CAUG Os) pane eeeriet sien cme tenes ar ese emcioee snasinaas | Ob ail 
TOPO xt CLO hel LONe hOO)es 526m so esen ace a. = ecco ns esleciccsia. Obj eO 
ProvoxideoL mancanese (MnO). =---o48. 5-5 o3-- sc ces = 4.00 
Oxide of lead (PbO) -2-- 2 =5-- Pee preci Sots Lae eS 3. 66 
ibis: (COMO) Sapa Sone deeasosces eee ene eee tS ratte aio is 2.54 
Mier pemeslan (NSO) rer stirs teeta tines «eis e's « cio slersieiaiae ai 0. 07 
Stull pS) Ae eee eeeeetemseeets saceie: = sai ates lel cane we salerelars 0. 75 
COW Me ra (CM eee eeetates cots oetsielesci= sel ols, e cele elem tacie= 0. 30 


The specific gravity of this slag varies from 3.6 to 3.8, but occasion- 
ally, especially when lead is absent, it falls as low as 3.4. The slag 
from each charge is drawn off as soon as the charge is thoroughly 
smelted, but the matte is allowed to accumulate in the furnace, and is 
drawn off once in 24 hours. The slag drawn off towards the end of the 
skimming frequently contains shot of matte, and it is therefore returned 
to the furnace, as are also abnormal slags which are rich in metal. 

This first matte is mixed with rich siliceous silver ores, and subjected 
to a second fusion for the production of concentrated matte. This sec- 
ond matte is coarsely crushed and roasted, it is then ground very fine 
and roasted again for the production of sulphates. This sulphate 
roasting is carried just as far as possible, in order to convert all or nearly 
all the silver into sulphate, but it must be stopped before all the sul- 
phate of copper has been decomposed, since the last traces of sulphate 
of copper can not be decomposed without decomposing a portion of the 


sulphate of silver, which would render the silver insoluble in water. 
The sulphate of iron first formed is completely decomposed during 


the latter stage of the operation. 

‘The product of this roasting is leached in vats with hot water, which 
dissolves the sulphate of silver. This solution is allowed to run over 
plates of copper which precipitate the silver, and after depositing the 
silver, the solution flows over scrap iron, which removes both the cop- 
per dissolved out of the ore as sulphate, and also that which was dis- 
solved in precipitating the silver. The precipitated metallic silver is 
thoroughly washed, dried, and melted, and then cast into bars. 

The residues left after dissolving out the sulphate of silver are mixed 
with rich sulphide and telluride gold ores and smelted ; this gives a rich 
matte containing gold and silver. It is subjected to asecond smelting, 
which gives copper bottoms containing the gold, and pimple metal con- 
taining the silver; this latter is roasted for sulphate of silver in the 
same manner as the concentrated matte, and the residues from this pro- 
cess are smelted for the production of copper. 
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The operation of the process is illustrated by the following scheme, 
figure 2: 
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Fic, 2. 
Scheme showing Ziervogel process. 


The collection was prepared by Mr. Richard Pearse, metallurgist 
of the works and shows a full series of the ores treated and each step in : 
the operation. 
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ORES. 


True Ziervogel ores. 


(1) Basic sulphide ore, chalcopyrite showing sume decomposition, with a little 
quartz. Contains 30 ounces of silver per ton and 20 per cent. of copper. Gunnison, 
County, Colorado, (55947.) 

(2) Basic oxidized ore, impure silicate of copper. Contains 50 ounces silver per ton 
and 30 per cent. of copper. New Mexico. (55952.) 

(3) Siliceous ore, quartz stained by decomposition products and containing some 
unaltered sulphides. Contains 50 ounces silver per ton and 6 per cent. of copper. 
Montana. (55955. ) . 

Ziervogel ores containing gold. 

(1) Basie sulphide ore, tetrahedrite, chalcopyrite, galena, and quartz. Contains 
2 ounces gold, 100 ounces silver per ton, and 10 per cent. of copper. Gunnison 
County, Colorado. (55946.) 

(2) Basie sulphide ore, pyrite, chalcopyrite, with a little quartz. Contains 5 to 10 
ounces gold, 20 ounces silver per ton and 5 per cent. of copper.” Gilpin County, Colo- 
rado. (55949.) 

(3) Siliceous ore, quartz containing tetrahedrite and stained by salts of copper. 
Contains 1 ounce gold, 20 ounces silver per ton and 6 per cent. of copper. Utah. 
(55956. ) 

Siliceous ores for mixture with first matte in the fusion for second matte. 


(1) Iron-stained quartz. Contains 50 to 100 ounces of silver per ton. Robert E. 
Lee Mine, Leadville, Lake County, Colorado. (55944. ) 

(2) Quartz, with a small amount of sulphides, Contains 50 to 100 ounces of silver 
per ton. Clear Creek County, Colorado. (55950.) 

(3) Quartz, stained by decomposition products. Contains 50 to 100 ounces of silver 
per ton. Gilpin County, Colorado. (55951.) 


Complex and refractory ore. 


(1) Basic sulphide ore, galena, blende, and pyrite. Contains 50 ounces of silver per 
ton. Robinson Mine, Colorado. (55943.) 


Rich sulphuretted gold ores for mixture with leached residue for fusion. 


(1) Siliceous ore, chert mixed with sulphides and tellurides; very complex ore. 
Contains 5 to 10 ounces of gold, and 100 to 500 ounces of silver per ton. Bassick 
Mine, Rosita, Custer County, Colorado. (55945.) 

(2) Siliceous ore, quartz with some sulphides. Contains 5 to 10 ounces of gold and 
20 to 50 ounces of silver per ton. Boulder County, Colorado. (55948. ) 


Basic ores, valuable on account of their fluxing properties. 


(1) Oxide of manganese and quartz, concentrates. Contain 50 to 100 ouncesof silver 
per ton. Silver Cliff Mine, Rosita, Custer County, Colorado. (55954.) 

(2) Sulphide ore, pyrite and chalcopyrite, concentrated from the gold ores of Gil- 
pin County, Colorado. Contains 1 ounce of gold and 3 ounces of silver per ton. 
(55953. ) 

(3) Roasted sulphide ore, No. 55953, roasted in reverberatory furnace. (55958. ) 

(4) Roasted ore, a mixture of Nos. 55943 and 55955. + (55957.) 


FURNACE SAMPLES. 
First fusion. 


(1) Furnace charge, mixture of the ores as prepared for the first smelting for matte. 
» (55959. ) 
(2) First matte, produced by smelting the ore mixture, No, 55959. Contains 48 per 
cent. of copper. (55963. ) 
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(3) Clean slag, from the first smelting for matte. (55961.) 
(4) Clean slag, crystallized. (55960. ) 
(5) Slag, coated with moss copper. (55962. ) 


Second fusion. 


(1) Furnace charge, mixture of first matte with rich siliceous silver ores. (55964.) 
(2) Second matte, produced by smelting No, 55964. Contains 60 per cent.of cop- 
per. (55965.) a 


(3) Matte, containing 50 per cent. of copper, similar to No, 55965, but produced by 
a single fusion at the Boston and Montana Smelter, Butte, Montana. (55966.) 


Ziervogel process. 


(1) Second matte, roasted and ground, ready for fine roasting for the production 
of sulphate of silver. (55967.) 

(2) Silver, precipitated on copper plates from solution of sulphate of silver from 
No. 55967, after roasting for sulphate. (55969. ) 

(3) Residue, after leaching out sulphate of silver. (55968. ) 


Third fusion. 


(1) Furnace charge, mixture of leached residues with rich sulphureted gold ores, 
(55970. ) 
(2) Matte, from smelting No. 55970, (55971.) 


Copper fusion. 


(1) Pimple metal, trom treatment of No. 55971. Contains 75 per cent. copper and 
100 ounces of silver per ton. (55972.) 

(2) Pimple metal, calcined and ground. (55973.) 

(3) Oxide of copper. Contains 90 per cent. of copper. (55974.) 


LEAD. 
LEAD MINERALS. 
GALENITE. (GALENA.) 


Composition: PbS. Sulphide of lead, containing lead 86.6 per cent. 
and sulphur 13.4 per cent. 

It crystallizes in the isometric system, especially in cubes with mod- 
ifying faces. Its most common occurrence is crystalline granular, 
varying from impalpable to very coarse. One of its most marked char- 
acters is its perfect cubic cleavage, which shows distinctly whenever a 
piece is broken, and frequently makes it very friable. It varies in 
hardness from 2.5 to 2.75, and in specific gravity from 7.25 to 7.7, has a 
lead-gray color and full metallic luster, occasionally tarnishes, and 
sometimes shows iridescent colors on the surface. 

Galenite is the most common and abundant of the lead minerals and 
is undoubtedly the original lead mineral. Wherever exposed to decom- 
posing influences it changes rapidly and frequently occurs coated with 
its decomposition products, since they are mostly insoluble. : 
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All galenite contains more or less silver, and frequently in our West- 
ern States the silver is the most valuable constituent. The amount of 
silver required to render a galena ore sufficiently argentiferous to be 
_ called an ore of silver varies greatly, depending on the circumstances 
ofits occurrence. It also frequently contains gold, sometimes visibly, 
and generally contains, even in the purest specimens, small amounts of 
_ other sulphides. To illustrate the occurrence of galena five specimens 
_ are shown. 

(1) A single large and distorted cube with small octahedral faces. Mine La Motte, 
Madison County, Missouri. (17137.) 

(2) Crystallized, an aggregate of cubes with octahedral faces. Joplin Mine, Joplin, 
Jasper County, Missouri. (17590.) 

(8) Crystallized, separate cubes with octahedral faces on dolomite. Seed Lick 
Diggings, Mine La Motte, Madison County, Missouri. (17126.) 

(4) Crystallized, single cubes with small octahedral faces. All the faces have a thin 
co-uting of pyrite. Joplin, Jasper County, Missouri. (17592.) 

(5) Massive, showing the cubic cleavage in perfection. Missouri. (65268. ) 

Many massive specimens of galena may be seen in the silver-lead ore 
series. 

ANGLESITE. 


Composition: PbSO, Sulphate of Jead, containing oxide of lead 
73.6 per cent. (lead 68.4 per cent.), and sulphurie acid, 26.4 per cent. 

It crystallizes in the orthorhombic system, crystals being complex, and 
frequently tabular or octahedral in habit, occasionaliy occurs stalactitie 
and sometimes ‘massive. It varies in hardness from 2.75 to 3, and in 
specific gravity from 6.12 to 6.39. It has an adamantine luster and is 
colorless or shghtly tinged and transparent. 

Anglesite is generally associated with, and is the resuit of, the decom- 
position of galena, when, however, it has been subjected to the action 
of carbonated waters it is readily changed to the carbonate of lead, 
cerussite. It is always more abundant in the upper levels of a mine. 
To illustrate the occurrence of anglesite three specimens are shown. 

(1) Transparent white crystals, on galena. Elkhead, Christian County, Missouri. 
(64283. ) 3 

(2) Transparent white crystals, in a cavity in galena. Modoe Mine, Leadville, 
Lake County, Colorado. (56446.) 

(3) Massive, showing the cubie outlines of the original galena. Madonna Mine, 
Monarch, Chaffee County, Colorado. (51539.) 

In the collection from the Colorado smelter may be seen several 
specimens of anglesite associated with both unaltered galena and cerus- 
site. 

CERUSSITE. (WHITE LEAD ORF.) 


Composition: PbCO;. Carbonate of lead, containing oxide of lead 
83.5 per cent. (lead 77.5 per cent.), and carbonic acid 16.5 per cent. 

It crystallizes in the orthorhombic system, crystals usually thin, tab- 
. ular, and very frequently twinned, often found granular, and sometimes 
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massive. It varies in hardness from 3 to 3.5, and in specific gravity 
from 6.46 to 6.48. It has an adamantine luster and is colerless or tinged, 
generally by salts of copper, and is transparent. 

Cerussite is generally associated with, and is the result of the decom- 
position of galena, its formation generally being subsequent to that of 
anglesite. It is much more common than the sulphate. «It is always 
more abundant in the upper levels of a mine. ‘To illustrate the occur- 
rence of cerussite Six specimens are shown. 

(1) Crystallized, separate transparent tabular crystals on galena. Potosi, Wash- 
ington County, Missouri. (4182.) 

(2) Crystallized, aggregates of small crystals encircling galena. Miller Mine. 
American Fork district, Salt Lake County, Utah. (18051.) 

(3) Crystallized, aggregates of slightly coherent crystals. Cave Ming, Milford. 
Utah. (56034.) 

(4) Crystallized, coarse sand of crystals. Utah. (11502.) 

(5) Crystallized on massive, colored a little by iron. Yosemite Mine, Bingham 
Canyon, Utah. (55929.) 

(6) Massive. Florence Mine, Leadville, Lake County, Colorado. (56432.) 

Many more specimens, both crystallized and massive, will be found 
in the silver-lead ore series. 


SILVER-LEAD OREs. 


The silver-lead ores consist of the various lead minerals carrying suf- 
ficient silver to render its extraction profitable, as in the case of all other 


ores. The amount of silver in a lead ore that will render its extraction — 


profitable varies greatly with circumstances. As low as 10 ounces of 
silver in an ore containing a high percentage of lead may, under favor- 
able circumstances, be profitably smelted. In a large majority of cases 
there are no distinct silver minerals to be observed in these ores, the 
silver simply replacing the lead in the compound. In a few cases, how- 
ever, distinct silver minerals have been found, especially where the origi- 
nal galena has undergone complete decomposition. In some cases large 
masses of chloride of silver have thus been segregated, as in the case of 
the Robert E. Lee Mine, of Leadville, Colorado; while in others the silver 
exists in such a condition that a portion of it, at least, will amalgamate. 
Some of the surface ores at Leadville were treated by amalgamation. 
At the present time large amounts of both lead and silver are pro- 
duced from ores of this character, and it is only under the most favor- 
able circumstances that nonargentiferous lead ores can be smelted. 
Galena is frequently associated with other sulphides that are more 
or less argentiferous, and occasionaliy auriferous ; the most common of 
these is the sulphide of zine (blende). When the lead is undergoing 
decomposition the other sulphides decompose also; and whether the 
products of decomposition remain with the lead or are carried away 
depends upon whether the decomposition product formed is soluble or 
not. In the case of blende, the decomposition products generally are 
soluble; and where mixtures of galena and blende have undergone de- 
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composition, the lead decomposition products are generally quite free 


from zine. 

The collection to illustrate silver-lead ores begins with galena (the 
original lead mineral) as pure as possible, and shows its different modes 
of occurrence ; it is then followed ou through increasing impurities to 
the commencement of decomposition, anc this is followed through until 
we have as the final state the carbonate of jead (cerussite). 


(1) Galena, in rough crystals, showing the characteristic cubic cleavage in great 
perfection. Old Story Mine, Georgetown, Clear Creek County, Colorado. (65305. ) 

(2) Galena, showing coarse enbic cleavage. Washington Mine, South Mountain 
district, Owyhee County, Idaho. (14817.) 

(3) Galena, showing coarse cleavage, with a little pyrite. North Pacific Mine, Ten- 
Mile district, Lewis and Clarke County, Montana. (10896.) 

(4) Galena, showing medium cleavage. Belle of Belleville Mine, Colorado dis- 
trict, Jefferson County, Montana. (10886.) 

(5) Galena, a mixture of fine and coarse cleavage, showing also a little blende. 
Moose Mine, Park County, Colorado. (39613.) 

(6) Galena, showing fine cleavage, with a little pyrite. Canon Mine, Lump Gulch 
district, Jefferson County, Montana. (10902.) 

(7) Galena, showing fine cleavage. Yosemite Mine, Bingham, Salt Lake County, 
Utah. (18000. ) 

(8) Galena, showing fine-grained cleavage, also a beautiful tarnish. Consolidated 
Gregory Mine, Colorado district, Jefferson County, Montana. (10912.) 

(9) Galena, showing very fine cleavage. Argentine Mine, Colorado district, Jef- 
ferson County, Montana, (10887.) 

(10) Galena, blende, and pyrite, with a little quartz. Keystone Mine, Park County, 
Colorado. (39773.) 

(11) Galena, with much blende and a little pyrite. Hiawatha Mine, Chaffee 
County, Colorado. (36679.) 

(12) Galena and pyrite. Grecian Bend Mine, Bingham, Utah. (14715.) 

(13) Galena, with much pyrite and a little chalcopyrite. Buckhorn Mine, Carlisle 
district, Boulder County, Colorado. (19131.) 

(14) Galena, with a little blende and some pyrite. Idaho Mine, Boulder County, 
Colorado. (39497.) 

(15) Galena, blende, and quartz. Hercules and Roe Mine, Clear Creek County, 
Colorado, (39790. ) 

(16) Galena, blende, and quartz, with a little pyrite and tetrahedrite. Hiawatha 
Mine, Chaffee County, Colorado. (39690.) 

(17) Galena, with a little pyrite and blende, ir quartz. Hathaway Mine, Potosi 
district, Madison County, Montana. (11048.) 

(18) Galena, in quartz with barite. Mammoth Mine, Hot Springs district, Jeffer- 
son County, Montana. (10997.) 

(19) Galena, showing coarse cleavage, beginning to decompose. First National 
Mine, Stockton, Tooele County, Utah. (14744.) 

(20) Galena, showing five cleavage, beginning to decompose. Little Chief Mine, 
Leadville, Lake County, Colorado. (32496.) 

(21) Galena, showing decomposition products, including crystals of gypsum on the 
outside. First National Mine, Rush Valley district, Tooele County, Utah. (14647.) 

(22) Galena, showing decomposition products stained with iron. Miller Mine, 
American Fork district, Salt Lake County, Utah. (65370.) 

(23) Galena, with a little pyrite, showing decomposition products. Richmond Mine, 
Eureka district, Eureka County, Nevada. (15530.) 

(24) Galena, showing decomposition products. Kempton and Neptune Mine, Bing- 
ham Cajion, West Mountain district, Salt Lake County, Utah. (18065. ) 
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(25) Galena and pyrite, showing decomposition products, including stains of cop- 
per. Ohio Mine, Little Cottonwood district, Salt Lake County, Utah. (14735.) 

(26) Galena, crystallized, showing decomposition products, especially copper. Re- 
bellion Mine, Pinyon Hill district, Summit County, Utah. (55351.) 

27) Galena, showing much decomposition, with heavy stains of copper. Rebellion 
Mine, Pinyon Hill district, Summit County, Utah. (55346.) 

(28) Galena, much decomposed to cerussite, pyrite, and carbonates of copper. Nep- 
tune Mine, West Mountain district, Salt Lake County, Utah. (30065.) 

(29) Galena, much decomposed, showing crystals of cerussite. Rollins Mine, Lin- 
coln district, Beaver County, Utah. (14672.) 

(30) Galena, much decomposed. Speckled Trout Mine, Flint Creek district, Deer 
Lodge County, Montana. (11092.) 

(31) Galena, much decomposed, showing crystals of gypsum. Treasure Hill, White 
Pine County, Nevada. (15281.) 

(32) Galena, showing decomposition through the sulphate to the carbonate and re- 
taining the outlines of the original galena. Hidden Treasure Mine, Ophir district, 
Utah. (11541.) 

(33) Galena, showing decomposition through the sulphate to the carbonate and re- 
taining the outlines of the original galena; shows crystals of sulphur on the outside. 
Horn Silver Mine, Frisco district, Beaver County, Utah. (55339.) 

(34) Galena, almost entirely decomposed and retaining the outlines of the original 
galena. Comet Mine, Boulder district, Jefferson County, Montana. (10963.) 

(35) Cerussite, surrounding a small lump of unaltered galena. Raymond & Ely 
Mine, Ely District, Lincoln County, Nevada. (15305.) 

(36) Cerussite, surrounding a very small lump of unaltered galena. Dixon Mine, 
Bingham Cafion, Salt Lake County, Utah. (14701.) 

(37) Anglesite, massive, showing the outlines of the original galena from which it 
was derived by direct oxidation; shows carbonates of copper on the outside. Ray- 
mond & Ely Mine, Ely district, Lincoln County, Nevada. (15307.) 

(38) Galena and tetrahedrite, in quartz, showing decomposition products, especially 
carbonates of copper. Esmeralda Mine, Esmeralda, Nye County, Nevada. (15266.) 

(39) Galena, blende, and tetrahedrite, in quartz, much decomposed, showing especi- 
ally the carbonates of copper. Emily Mine, Little Cottonwood district, Salt Lake 
County, Utah. (14674.) 

(40) Cerussite, crystallized on limonite. Iron Mine, Leadville, Lake County, Colo- 
rado. (5438.) 

(41) Cerussite, crystallized, very pure; surface specimen. Bingham Canon, Salt 
Lake County, Utah. (55376. ) 4 

(42) Cerussite, crystallized in small crystals on massive cerussite. Morning Star 
Mine, Leadville, Lake County, Colorado. (32491.) 

(43) Cerussite, a few crystals on massive cerussite. Morning Star Mine, Leadville, 
Lake County, Colorado. (65375. ) 

(44) Cerussite, wholly massive. Morning Star Mine, Leadville, Lake County, 
Colorado. (65376.) ; 

(45) Cerussite, massive. Conly Mine, Eureka, district, Eureka County, Nevada. 
(15483. ) 

(46) Cerussite, crystalline and somewhat impure. Vanderbilt Mine, Bingham dis- 
trict, Salt Lake County, Utah. (14750.) 

(47) Cerussite, crystalline and somewhat impure. Richmond Mine, Eureka dis- 
trict, Eureka County, Nevada. (15530.) 

(48) Cerussite, crystalline and somewhat impure. J.J. Corrigan Mine, Eureka 
district, Eureka County, Nevada. (15531.) 

(49) Cerussite, massive, impure. Evening Star Mine, Leadville, Lake County, 
Colorado. (32457.) 

(50) Cerussite, crystalline, impure. Containing 50 per cent. lead and 75 ounces 
silver. Niantic Mine, Lucien district, Box Elder County, Utah. (17071.) 
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(51) Cerussite, massive, impure. Eureka Consolidated Mine, Eureka district, 
Eureka County, Nevada. (15523. ) 

(52) Cerussite, massive, impure. Eureka Consolidated Mine, Eureka district, 
Eureka County, Nevada. (65371.) 

(53) Cerussite, massive, impure. Chaney Mine, Bradshaw district, Beaver County, 
Utah. (14651.) 

(54) Cerussite, massive, impure. Emma Mine, Little Cottonwood district, Salt 
Lake County, Utah. (18045.) 

(55) Cerussite, impure, in powder. Commonly called sand carbonate. Rebellion 
Mine, Pinyon Hill, Sammit County, Utah. (55350.) 

(56) Cerussite, impure, in powder. Very rich, 1,490 ounces silver per ton. Com- 
monly called sand carbonate. Matchless Mine, Leadville, Lake County, Colorado. 
(56435. ) 

(57) Cerussite, impure, in powder. Very rich, 2,704 ounces silver per ton. Com- 
monly called sand carbonate. Robert E. Lee Mine, Leadville, Lake County, Colo- 
rado. (56437.) 

(58) Cerussite, crystalline powder, containing also crystals of wulfenite. Com- 
monly called sand carbonate. Eureka district, Eureka County, Nevada. (30566. ) 


THE SMELTING OF BASE BULLION. 


In carrying on the smelting of base bullion it is necessary to have 
a sufficient supply of ores carrying asuitable percentage of lead, if ores 
carrying high perceutages are available, then ores with only a small per- 
centage, or none at all, may be mixed with them. Ores low in lead are 
known as dry ores. The smelting operaticn is generally carried on ina 
shaft furnace, the use of the reverberatory furnaces being mainly con- 
fined to ores carrying, in addition to the lead and silver, a considerable 
percentage of copper. Ores that exist in the oxidized state and those 
containing only a small percentage of sulphur are smelted directly, but 
if the ore is mainly a sulphide it must be subjected to a previous roasting 
operation to remove the greater portion of the sulphur. This roasting 
also removes some arsenic and antimony. 

The most suitable ores for the operation are those containing only 
lead and silver minerals with quartz. It is seldom, however, that a 
large supply of such ores can be obtained, various other metals which 
influence more or less the smelting operation, the most objectionable of 
which is zine, being frequently found in the ore. Various other gangues 
besides quartz are common, the most important being oxides of iron, 
calcite, and barite. The first two of these can be mixed with great ad- 
vantage with quartzose ores, since the iron and lime will neutralize the 
silica, but the latter is quite objectionable. 

The process of roasting the sulphide ores is carried out in two ways, 
depending on the character of the ore and its physical condition. If the 
ore is in lumps it is roasted in brick stalls, only sufficient fuel being used 
to start a vigorous combustion of the sulphur, the operation being com- 
pleted by the heat furnished from the burning of the sulphur. If, how- 
ever, the ore is in the form of a powder, it is roasted in reverberatory 
furnaces, which are heated by flame, either from wood, soft coal, or gas. 
The ore is introduced at the coldest end of the furnace and is gradually 
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worked along, as the roasting proceeds, to the end nearest to the fire, 
where the heat is generally sufficient to fuse the roasted ore. 

Having a good supply of oxidized ores of a suitable character, and 
roasted sulphide ores, they are subjected to fusion in a shaft furnace 
for the extraction of the lead and silver in the form of an alloy. Great 
care is necessary in mixing the different ores and fluxes in order to pro- 
duce a proper charge for the furnace. The objects of the fusion are to 
remove the silver and lead from the ore in the form of metal, and to 
separate the earthy material in the form of a slag, sufficiently free from 
the metals to be rejected. 

The ores and fluxes are mixed in such a manner that a suitable sili- 
cate slag shali be formed by the silica and the basic constitutents of the 
mixture. This slag must be readily fusible at the temperature of smelt- 
ing, so as to flow freely fron the furnace, and it must be fluid enough 
to allow the bullion to settle through it to the bottom of the furnace. 
It must not contain too much of either lead or silver, as, when such is 
the case, it has to be returned to the furnace and be resmelted. 

The gangue of the ore being mainly quartzose or acid, the fluxes must 
be basic and are for the most part limestone and oxides of iron and 
manganese. In some localities these latter are frequently found car- 
rying a small amount of silver, which will be extracted during the oper- 
ation. 

Having determined upon a certain mixture for smelting the various 
materials must be suitably mixed before being charged into the furnace. 
This is generally accomplished by making up beds of alternate layers 
of the different materials and then taking off vertical sections of these 
beds and charging them into the furnace with a suitable amount of fuel. 

The furnaces in which the fusion takes place vary greatly in the 
details of their construction, but they consist essentially of a stack with 
a flue at the top, connecting with a suitable draft stack, through dust 
chambers, and closed at the bottom. At a suitable distance from the 
top is a door for the introduction of the charge, and at the bottom are 
openings for the introduetion of air, and for the withdrawal of the bul- 
lion and slag; in most cases the metal and slag are drawn off separately, 
but in some cases they are drawn off together. Besides the waste slag 
and the valuable bullion, two intermediate by-products are frequently 
formed. The first of these is called matte and consists of sulphides, 
mainly of iron, formed from the sulphur remaining in the ore as charged, 
and generally containing a valuable amount of silver. When the ore 
mixture contains copper it is found mostly in the matte and may occur 
in sufficient amount to be valuable. Where small amounts of matte are 
produced itis either thrown away or allowed to accumulate until a con- 
siderable amount is on hand, when, as aiso where large amounts are 
produced, it is roasted and forms a valuable flux, on account of the 
oxide of iron it then contains. The second by-product is called speiss, 
and it is found in smelting ores containing arsenic. It is essentially an 
arsenide of iron. 
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Large amounts of base bullion are smelted at works located in and 
near the mining regions, and the base bullion is shipped to other works 
for refining or to separate the silver from the lead. 


COLORADO SMELTER. 


To illustrate the smelting of base bullion a very complete collection 
from the works of the Colorado Smelting Company, South Pueblo, 
Colorado, is shown. The diagram, figure 3, illustrates the process fol- 
lowed at these works. 

The ores as received at the works are classified into oxidized and sul- 
phureted ; the oxidized ores are further divided into basic and siliceous, 
that is, basic ores, the gangue of which is essentially a base, and sili- 
ceous ores, the gangue of which is essentially acid or silica. These are 
sent directly to the shaft furnaces. The sulphureted oresare also divided 
into basic and siliceous; in this case, however, it is the ores that are 


high in sulphur that are called basic, for the reason that on roasting 


they furnish mainly oxides, which act as bases in the smelting opera- 
tion. The siliceous sulphureted ores consist essentially of quartz, with 
only a small amount of sulphides. They are generally very rich in silver 
and poor in lead, being more nearly true silver ores. 

The basic sulphureted ores are separated into coarse and fine. The 
coarse are roasted in stalls and then go to the shaft furnaces; the fine 
are roasted in reverberatory furnaces and are sometimes fused at the 
end of the roasting and sometimes are not. From the roasting furnaces 
they go direct to the shaft furnaces. The siliceous sulphureted ores 
are sometimes roasted in the fusion furnace, but they are generally sent 
to the shaft furnace, especially when they are very rich in silver. 

The fluxes are all basic and consist of iron ores and limestone and 
go direct to the shaft furnaces. 

The products of the smelting in the blast furnaces are: 

(1) Base bullion which goes to the market. The bullion from these fur- 
naces holds a high position with the refineries on account of its freedom 
from impurities, due to the purity of the ores from the Madonna mine, 
which form a large proportion of the charge in the shaft furnaces. It 
varies in richness, although it generally carries 300 ounces of silver 
per ton and about an ounce of gold. It is cast into bars or pigs weigh- 
ing 98 pounds and is shipped from the furnace in car loads of 300 
bars. 

(2) Slag, which is divided into clean, or free from lead and silver, 
which is thrown over the dump, and impure, that is, containing lead 
and silver, which goes back to the shaft furnace. 

(3) Matte, which goes to the roasting stalls and then back to the 
shaft furnaces. 

(4) Speiss, which goes to the roasting stalls and then back to the 
shaft furnaces. 

(5) Flue dust, which is mixed with lime and ores low in lead, roasted 
in the fusion furnace, and then goes back to the shaft furnaces. 


BULLETIN 42, UNITED STATES NATIONAL MUSEUM. 


Ad 





19} [OWS OPLLO[OD oY} Jo SMOYVIEdO OY} SULAOYS OMIETIS 


SOL 







‘soopnang 7{0Y 


PIVUIAAT ‘SODDBR2AM T 
 BROnT Ours way 
may 


Pegsv0y 30x 
2907392 YoY Myr8K9y 
MOS BIRD 592) uOI, aan aos 
EN080I22920 
2280 a 


6a An? 7 





| TY 
Prw™SOOY 


Fae ee eee 





- 


COLLECTIONS IN ECONOMIC GEOLOGY AND METALLURGY. 45 


(6) Accretions, which are deposits formed upon the walls of the fur- 
nace. These are assorted according to their characteristics and then go 
to the shaft furnaces. 

A general view of the works is shown on PL. vI. The yard and 
stalls for roasting the coarse sulphide ores are shown on PL, VII. The 
interior of the shaft-furnace house at the tap-hole level is shown on 
PL. VIII. 

The collection shows a large variety of the ores, together with roasted 
ores, the fluxes, the base bullion, the slag, the by-products of both, the 
roasting and smelting operations, and the final products. It was pre- 
pared by Mr. Anton Hilers, the manager of the company in 1835-86. 


Ores. 


The basic oxidized ores treated at these works are almost entirely 
obtained from the Madonna mine, Monarch, Chaffee County, Colorado. 
The ores consist for the most part of carbonate of lead (cerussite), 
much of it being in the form of sand, colored by iron. Occasionally 
unaltered galena is found, and occasionally, also, the sulphate (angle- 
site) is found. The following eighteen specimens show the different 
varieties of ores from this mine: 

(1) Sand carbonate, consisting of a mixture of carbonate and sulphate of lead and 


oxide of iron. Thisspecimen represents the bulk of the ore body of the mine, (51074.) 
the typical analysis* of which is as follows: 








Per cent. | Remarks. 

= = a a eS a — 
Sesquioxide of iron (Fe,03) ..-.--.---------.-- 32.99 | (Fe varies from 13.0 to 33.5). 
Sesquioxide of manganese (Mn,0;) ~---..---- | 0. 93 
Anming (AILO2) =. csecicic-ciccon- ences Paice | 2.99 
Mid aon ZNO) > sesessce concerts acesense 4.17 | (As silicate). 
Amare (CAO) soc ccs Caos ww swsdeslececee~ ss. 5- | 1.78 | (CaCO;—3. 18). 
Magnesia (MgO) ..--.-- Pea eletayata attic acticin ek ocie None. 
Sulphate of lead (PbSO4)..----.-+--.----------. | ie asl (Pb varies from 20.0 to 45.0). 
Carbonate of lead (PDCO3)....-..2-<-----<<-+-- | 32. 35)| 
ATSeniC, (AS). <ocetee soccer cmd esnins's ake emacs | Faint trace. 
EA ULI OMY: (10) cm smcied lnln's oie sie © viel=ivsisimie(inininm m= | Faint trace. 
Wopper (Cm) emacce sae aie ereceiein a sslonsjesewe asic None. 
Sian SOs hase od teee ace eh VS neatece at te: | 4,24 
Sulphuric anhydride (SO3)....--..--..-----.-- 3. 30 (S—1.32.) 
Wanboniciacids (COs) sc. seccnice: eons sec cnass c- 6. 73 
VELOI CH SO) otancesc. aseasnce~ ance Soe een 6. 68 
Sulphuani(S) eso... cscs: so cess ssectecseceiecosce a | Trace. | (In sulphides.) 
SIUVOMCAP) peemacecoessdesas ccccemarcceweesces | 0.023 Or 6.8 ounces per ton (varies from 5 to 


12 ounces per ton). 





(2) Cerussite, crypto-crystalline in structure and very pure, assaying 74 per 
cent. of lead and 14 ounces of silver per ton. (51055.) 

(3) Cerussite, dark, showing a few crystals. This variety of ore averages by assay 
66.5 per cent. of lead and 5.1 ounces of silver per ton. (51059.) 


*All the analyses and assays in this collection were made by Mr. Robert Sticht, the 
chief chemist of the company, except as otherwise noted, 
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(4) Cerussite, massive, granular, colored with a little iron. This variety of ore 
averages by assay 60.7 per cent. of lead and 8 ounces of silver per ton. (51063.) 

(5) Cerussite, massive, compact. (51061.) 

(6) Cerussite, massive and crystalline, with streaks of oxide of iron. (51060. ) 

(7) Cerussite, massive, granular, in gray and black streaks. (51070.) 

(8) Cerussite, crystalline, in layers, a little stained with iron, (51071.) 

(9) Cerussite and anglesite, stained with iron. (51065. ) 

(10) Cerussite and anglesite, exhibiting the cubical structure of the original 
galena. (51066.) 

(11) Anglesite, showing decomposition to cerussite. (51064.) 

(12) Anglesite, very pure, exhibiting in great beauty and perfection the cubical 
structure of the original galena, quite a common character of the lump ore. The 
average of this ore by assay is 57.5 per cent. lead and 31.1 ounces of silver. A speci- 
men picked for its purity showed sulphate of lead 99.65 per cent., sesquioxide of 
iron 0.075 per cent., and silica, arsenic, antimony, copper, zinc, and manganese not 
present, while the silver varied from 2 to 30 ounces per ton. (51056.) 

(13) Anglesite, inclosing cerussite, a rare occurrence. (51068.) 

(14) Galena, fine grained, fibrous, coated with cerussite, stained with iron; shows 
also a little iron pyrite and native sulphur. This character of ore averages by assay 
76.2 per cent. lead, and 12.2 ounces of silver per ton. (51058.) 

(15) Galena, showing decomposition to anglesite and then to cerussite, stained on 
the outside with iron. (51062.) 

(16) Galena, fine grained and slightly fibrous, showing decomposition to sulphate. 
This variety of ore averages by assay 67.5 per cent. lead and 27 ounces of silver per 
ton. (51057.) 

(17) Galena, shows coarse cleavage and is coated by decomposition products. As- 
says silver 23 ounces per ton. (51067. ) 

(18) Native sulphur, a rare occurrence of the decomposition of galena. (51069.) 


A single illustration of oxidized siliceous ore is shown: 


(1) Chert, stained with iron. Small Hopes Mine, Leadville, Lake County,Colorado. 
(51052.) This ore is of the following composition : 


Iron (Fe) varies from ..---. ------ ---- -222-- 22+ eer certescrt ttre 25 to 38 per cent. 
Silica (Si O.) varies from -.... --------------------+2 sere reer er nee 27 to 57 per cent. 
Lead (Pb) varies from ...--. ---- ---- -----+- +--+ ---2 sre eee errr 0 to Oper cent. 
Silver (Ag) varies from ...-.- .----. ------------+ +--+ 0r07-- 80 to 210 ounces per ton. 


The basic sulphide ores are represented by three specimens : 


(1) Galena, blende, and pyrite, in lumps for roasting in stalls. Colonel Sellers 
Mine, Leadville, Lake County, Colorado. (51072.) The average composition of this 
ore is as follows: 


Meadt(2b) peecs=s-ee-=--- 30.53 per cent. (varies from 20 to 40 per cent. ) 

Ane CLD) emis stein 16. 33 per cent. (varies from 12 to 29 per cent. ) 

Trond@he))\22— see/-=1- = 14. 42 per cent. 

Silica (SiO2)-.----- ------ 5. 96 per cent. 

Sulphur (S8)------------- 29.24 per cent. 

Silver CAG) = se setae === == 40 ounces per ton (varies from 20 to 60 ounces per ton). 


(2) Galena and blende, with a little chalcopyrite and quartz, in lumps for roasting 
in stalls. Cusihuiriachie Mining Company, Chihuahua, Mexico. (51073,.) A typical 
analysis of this ore is as follows : 


endsCebD)see---e2=eeeee 45. 00 per cent. (varies from 8 to 55 per cent. ) 

PENIVGN (C20) ee eee oe 11. 88 per cent. (varies from 6 to 16 per cent. ) 
lroni(He)-----sece= == 3. 88 per cent. 

Silica (Si0.) -.---- ------ 20. 00 per cent. 

Silven(CAg) 222-2 eee 110 ounces per ton (varies from 100 to 200 ounces per ton). 


Gold (Au)........--.--- 0.05 ounce per ton (varies from 0,05 to 0,35 ounce per ton). 
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(3) Galena, blende, pyrite, with a little quartz; fine ore, for roasting in reverbera- 
tory furnace. Colonel Sellers Mine, Leadville, Lake County, Colorado. (51075.) 
Composition the same as No. 51072. 

To illustrate the siliceous sulphureted ores two Specimens are shown: 


(1) Quartz, containing small amounts of sulphides and stained by decomposition 
products, especially carbonates of copper. Eureka Hill Mine, Tintic District, Tooele 
County, Utah. (51051.) The composition is as follows: 


LEPEE (UE SOC aT 601 ee 3.0 to 5.0 per cent. 
ilies (siOs) VariestlOmM . -< 2502.52.50. 5 boone faekceel. 50.0 to 80.0 per cent. 
Salou ES varies trom. 2505.00) oles eek 0.08 to 2.2 per cent. 
LASESIIN 1E}0) iE Se TYSS 90) 1 gee 5.0 to 8.0 per cent. 
BEM EE VE RVATION (fOMo oc. |. 2208s oto o a eco es ct 30.0 to 60,0 ounces per ton. 
Bomdn CAT) WANIGS: IPO n seco se sa\sos Sac! skce Leen 0,05 to 0.08 ounce per ton. 


(2) Quartz and calcite, containing small amounts of sulphides; crushed ore. Gu- 
anajuato, Mexico. (51077. ) 


The composition of this ore is as follows: 
Per cent. 


SRNR RI Oi Ere ee ae ae A eS Se. a ch alo See pel ee 71. 87 
GC eet tet ae ee ee aoa eae eta to 2.29 
Bees teRMTeNeK NITE yer Sse se ofS Sa iene ye ee a ah ae trace 
EE EUDERURL an (CANE lg estemee nent Syne Ss oes Se 5 Se ce eee sen te lay 3:00 
PEEP gO MO ere aria Se tats Ne aeons shies fy nie ee SL ee Nea a 5. 78 
BEI ae ETN) bert eee nae eee ee seta yas tee | oe 1.58 
eae ee COME DARIO (BAGO, )ea assess oss. ese nokchee clack nee eed trace 
ERO e een aera cele ete Sh eek ye Be les Sa trace 
Bibs KCBS gern eet ecroee heats aa era a. Nok Se te lie er trace 
Pe Hea Beet ee een ata cD, vec) maaan ess LI Ce yh Obl trace 
eeu PENSE ee rane moe ern ia Ween 22 ok oan rye Yee TE tS i 0.75 
Beran al eee eee ee ec eae ae OMIA TAL 0.14 
Soe tea) Peme een erercc tee fs saeco t Sea We re ah 1. 46 
Beran ein eACte ee Oh ema es citron kee TE A ile ORS oe yeu Mb sles 6. 27 
Silver (Ag) 855. 75 ounces per ton ................. eee. Seisivinieawetomettaceee 2. 934 
Fluxes 


To illustrate the iron ore fluxes two Samples are shown: 


(1) Consisting essentially of the hydrated sesquioxide of iron (limonite). It is found 
in connection with the lead ores in the nine, and is probably the result of decompo- 
sition of the original pyrite in the upper portions of the vein. Besides lead, it also 
contains asmall amount of silver. Madonna Mine, Monarch, Chaffee County, Col- 
orado. (51053.) A typical analysis of this ore is as follows: 


patie lee ermeener eo wee eee ere Ae | SEE Bok 42. 05 per cent. 
AERC RIBEREN GMINA meee Bee hes ee Ph ee 3. 12 per cent. 
plier (LOD ews art te SiS 50 155 ase, cee Sng ke 5. 10 per cent. 
ANTICS OE OE ae eI eae ee a 1.86 per cent. 
SHU (Ss coeae se eases tetas Sauls ke Le 0. 02 per cent. 


BSPORGE Dore smdne sat Waa cee ee ek tt 5 a, era to 9. 0 per cent. 
PUMEM GNSS esau aac). vas sae Seosteh ote vies i NG to 5.0 ounces per ton. 


(2) Consisting essentially of the hydrated sesquioxide of iron (limonite), but contain- 
ing a considerable amount of manganese. It is found in connection with the lead ore 
in the mine and is probably the result of the decomposition of the original pyrite in the 
upper portions of the vein, It contains little or no lead, but a valuable amount of 
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silver. Fryer Hill, Leadville, Lake County, Colorado. (51054.) A typical analysis 
of this is as follows: 


Tron (Fe) .---------- cece cescee concen ceece Bincone aaa ene sen aaa 36. 44 per cent 
Manganese (Mn) .----------- = ---- --- 207 conn ee =nrnne cnn an naan ...- 16.99 per cent. 
Giticn: (SiQs) sic.) sees seeace lesa ee tenons 99 mer eer oom cas ee 8.76 per cent. 
Lead.(Bb)a = :noce-hecaens 2eessa sere o- aes ere een Teer cape oaieeten none, by assay. 
Silver (Ag) 2-22 s-ceSe)sece|- eee S22 = a/c 8.0 to 10.0 ounces per ton. 


A single illustration of limestone, used for flux, from Pueblo, Colorado, 
is shown. (51046.) 


A typical analysis of the limestone is as follows: 


Per cent. 
Bime(GaO): 265.2 loss espe eee om eae ae 52. 34 
@arboniv acid’ (COg)23252 <2 ace bt eae ean aie meee eee ee eee 41,12 
Sesquioxide of iron (Fe20;) and alumina (Al,O3) ------ 22+ cone cone tere scene 3. 20 
Silva, (SiQ,); cco --= o- cee 22520 anes e4-se= sre <Pe ace Vai OT Ee ool ae 4, 40 


Three samples of roasted ores are shown, one to represent each 
character of roasting practiced. 
(1) Roasted ore, the lump ore from the Colonel Sellers Mine, Leadville, Lake 


County, Colorado, represented by specimen Ne. 51072, after having been roasted in 
the roasting stalls. (51045). A typical analysis is as follows: 


Per cent. 
Gaile of lead (PHO) 2: -- =. 2. 22-2 35 sen es. oe Rann ser ee eer ae 27.98 
Q@xidelof zine (ZnO) ..22-. 25 222.22 Joyce see eer eee er ne Ora ea ae Q7-Az 
Sesquioxide of iron (FegO3) .----- ---=---- --2+--22s-er te rorr rent renee 28. 36 
Protosesquioxide of manganese (Mng04)-------- ---2+ see cee cere re errr rere 1. 04 
Alumina (Al,O3) oceec2- - eos sce /ee- ee 2 oe ec Steet ements trace 
ime; (CaO) res eaas-= SNS Dae 2, ue Size hateaiate Sea ara te ete cea ee er 1,78 
Silica (SiO:) .----------- Me Doe Satta s hen Side Jc seen eee er eeeeeie 4. 63 


Sulphur (S) mostly present as sulphuric anhydride (SOs) ---- ---------------- 5, 28 
Silver (Ag) 45.4 ounces per ton-..- .--- ------------ => s== wesc cnne tenors sons 0. 155 


(2) Roasted ore, the concentrated ore from the Colonel Sellers Mine, Leadville, 
Lake County, Colorado, represented by specimen, No, 51075, after having been 
roasted in the reverberatory furnace. (51076.) A typical analysis is as follows: 


Per cent. 
Oxide of lead (PbO)...-.-- 2-220 -- cece ne cen te eeen cetees cree: 27. 06 
Oxide of zinc (ZnO)..---..------------ ----- eae oe ai aelatete 30. 82 
Sesquioxide of iron (Fe2Os) ------------+--+----seerrr cre 32. 69 
Protosesquioxide of manganese (MngQ,).--- ------ ---+ ---+ 22-7" 0. 23 
aime ( CaO) a 22.2 22h Soe eee oe tee aa 1.36 
Magnesia (MgO) ...-.- ---~ -2- 5 2-2 -05--e == wees =e eer cases eaae none 
Alina CA 1gOs) eee ote botee eee oa anete == eat tee oie terme ee Oot 
Oxide of copper (CuO) -.---- ------ -----+----22 errr crrrre eee 0. 68 
Silica; (SiQs)-<- s25 5262 <a SES oe r= een ee oo ere ee 4. 64 
Sulphuric anhydride (SO3) .--------- Lee Lee wee eee a= si 4.05 : 
isin i) eet: ek Md Bil Oh oe ed a as Oe See Rees aoe 1. 00 total S. 2.62 
Silver (Ag) 42.5 ounces per ton.. ..---+------ ----2+ sree rer ee 0. 146 


(3) Fused ore, the result of roasting the flue dust from the shaft furnaces, mixed 
with siliceous sulphureted ores, in the fusion furnace. Locally known as gray slag. 
(51050.) The analysis is as follows: 


Per cent. 
Oxideioklead) (PbO), .2 isu: sscie scene tbe. aac seinen pes ere rine Selena oe 20. 21 
Sesquioxide of iron (He,@s)) 1. bee (Seb etek shoe ee ae cen ome 30. 88 
Sesquioxide of manganese (Mn2Qs) .---------------- cee ee Ae Hite op iicts seein 1. 64 


Alumina (A1;Q3) ecct oie ewees Soe sen seman oman ove eer ee es vets eS 
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Per cent. 
en RCLEE ATLCR A TEO)) ete Bee nia clean aiming alain) ino. os see eno e/cuclane chmendcee ate 5. O4 
BRUTE DO a ce ee he oS ccs vec cn aud ccna ekosak 12. 33 
Reena ee (COLO) Eee ernie aisiate sia Seed ne aioe le ae winnie Sua atweaivoue asus vee aeee 28.75 
PRONG a (CAS) serosa tiveaiate aici coc, 'snyen sao Sclecia sine widcc oe ose (sooo ae oe ee not present 
ip pots Ql) pee a tacs cane aceee nis = Sa cted Sosa ci Sei thse totec von cee cence not present 
ERELRIRTTeA Tyan Ui ee ee Fate ns Ae rus Soe Socios SaN~ 2s ot ees oaee'w oe oes trace 
Sal phuai(s) wesc ae es see eae sae aos sb amis ace ceee cl seesecsSeiees Jeecde trace only 
SH ete GAtC9 mers OUNCES POL COM seers aac eater skint ce sits oe wis, oalaia'e si oe sare Ue <ines 0.0L 
Fuel 

(1) Coke, El Moro, Las Animas County, Colorado. (51332.) : i 
er cent 
RV ea cere (CEIs O))) meee Sterne SB eter a tis aer aia /o cic ba Se wiles oe emlovenis's Som AG Gs 0. 28 
EXCL CALVO ED CieRON Ole = cin elecicleissios an «ss diewise ciemsiciew inet ees, are el isa 83.77 
ANE see says ow Ss oe ohare vis acre cet e cece SUES RAS Seeesneteonaa Sioceoeseye icine ae LOO 
100. 00 

Composition of ash: 
RSNITC AM SLO Nope cine ays wake ciate wisi SOI wise S @ side ae cben Lice sgec ch aeesee 10. 66 
CSG ULOKI Ge: Of non, (HesO3) ao" ssis= a5 saeco Sas oe Sota on be Sac cc ace noose 1. 03 
Alumina (Al,O3) ......---.--- Seen ee are eas oie atin MEE UE ots cena ciate 3. 85 
ME TIT TCO tO) eter ge i ee Sein eg a es SE. Settee eee eee 0.15 
Uinta G Lonmin tae ates os aap sa Rules ee Ses ees Saeelac emt Sele oe ob salse ces eee 0.26 


(2) Pinon pine charcoal. (51333.) 

Products. 

(1) Base bullion or argentiferous lead. Contains the lead and silver of the ma- 
terials charged into the furnaces, and also the small amount of goid. The amount 
of gold and silver varies, though the silver has never exceeded 350 ounces per ton 
and the gold 1.5 ounces per ton. Owing to the exceptional purity of the Madonna 
ores, which enter largely into the shaft furnace charge, the bullion is very free from 
impurities and is very easy to refine. It is shipped from the works in car loads of 
300 bars, weighing 98 pounds each. (51080.) 

(2) Base bullion. Cores of metal taken from the bar, one from the top and one 
from the bottom of each, in order to determine its value by assay. (51089.) 

(3) Base bullion, assay sample; consisting of the cores represented by No. 51089, 
taken from each bar of the shipment. These cores are melted down and cast into a 
bar, and samples are cut from each end and the middle, which are assayed to deter- 
mine the value of the shipment. (41081.) 


The slags resulting from the smelting operation, change frequently 
with changes in the ore charge, but the limit of the changes within 
which the furnaces will work clean and successfully is quite small, when, 
however, the furnace is not working properly abnormal slags of very 
varying composition are formed. The principal constituents of clean 
slags are silica, protoxide of iron and lime, and to these in certain cases 
may be added oxide of zinc. The varying proportions of these ele- 
ments constitute the difference in the slags. The following are exam- 


ples of clean slags: 
(1) (51082): Showing square prismatic crystals of the following composition : 


Per cent. 


PSEC eter (OSE rotate mcs sacs cts alain wpatatnh ante he meptera ns Hee BE ete ioe chloe owt ke 2 .o0s 00D 
Ar LONM Or fair Om (CO) aes, 2s he tee tet Ne oan anne eal ee ee Sy atc on 93.70 
Etoioxalecomianmanese ((Min@)). 2. 2252, eee Ce ecw secret ncices toe Pel 


“Tron (Fe) 18.56. 
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Per cent. 
Alumina (CAISOs)) 26 Sn:-5 > a ee ene see sais sinin edie ateniepe Bete ee See eioeie 4.74 
Oxide:of zing (ZnO), 22% 5 eee eee oe ne ee ee ee ae 137 
ime!(CaO) eos ches se Geen oes Jee esis dante et Soe oe eee are Soe 23. 005 
Oxide:of lead: (PhO) chee Sacer esa are Cre be a pee re en 1.556 
Sulphar (Soo S04 hess Sees cee Ss She nth See ee ae eee 1.12 
(2) (51083): Showing bladed crystals of the following composition : 
Per cent. 
Silican(SiO3) as. es =o bh voce awe deeeis s seeels oes Win see ee eee ne Se See eee 34.54 
Protoxidetor aron: (FeO) * 55. s2.tesn Jas. SOEs See eee 32. 08 
Protoxide of manganese (MnQ)...-......-..--- esa ais ae ie ee ee oe ee 4. 56 
Alnmina(CALOs)o.2 os a0lsS-a cess ensruceds See ae nee eee ee eee not determined 
Hime (CAO) 22-2255 st coe Sae echt J gese nee cee nee eee eee ee 16. 28 
Oxide‘ofizine'\ (ZnO): ooo. sak eee 2a 3 yen 2 oe Seen ee ee ee 6. 97 
Sulphur’ (S).- 22.2 (2.255. 92 se hee ke oe sees eee 2.06 
Oxide‘of Jead?(BbO)\] 22-22-22 226 oie cabad sea clasnet see eseTe OEE eee eee 1,74 


(3) (51084): Showing confused bladed crystals of the following composition : 


Per cent. 
Silica (SiQs): - dsscssss el ale Ae os Seale ee ee ETT 
iProtoxide of iron (MeO) }.2-..22 sso ee ee eee eee 31. 68 
Protoxide of .manganesei\(MnQ@) 2222552 222 U2 soe eee eee eee 2. 07 
Alumina: (AlsO3) 2.26 =.06s sees eee ae 2 ee ee ee eee ee eee SD 
Oxide Gf .zine (ZnO) 53.2.2 528s ees ee ee eee ey eee ee ede: 400 
Wimre'(CaQ) 200 oe seals See Sk as lic nae Re ee SON ete oe a ea 79k 
Oxide of lead (PhO). =< 2... 22 Ses jo en eae Shes - penne ee ene eg en eee 
SUA ODA (=) \agagso BAe Ge bee sere aSco come St moess poccdo hoeccasnones thso4 1. 60 


(4) (51085): Showing thick rhombohedral crystals of the following composition : 


Silicas(S1Os) css. saasee se ae ears eer 
Protoxide of iron (FeO) }-~-<.-2.---: Rete 
Protoxide of manganese (MnO)...-----.--- 
Almminarn(Als@s)-); cacmees =~ ake sees 
ime (CaQ) senotet te scenes see ee eee 
Oxidetofzine (ZnO) = sese2 ee eee 
Oxideloflead( (PDO) tes seeee ae eee 


Per cent. 


Sees Zia analy = a eee eee eee Ome 


oo sce ot eee eee eee ee eee 1. 05 


(5) (51086): Showing crystals in sheaves of the following composition : 


Silicac(SiO.) 22 2s tsec les te 8s Se anne ere 
Protoxideor aron (heO)\res--o ees os eee 
Protoxide of manganese (MnQ).-..---..---- 
AlnminaiCAlsOs)) hac neacereeeen acne c ese 
Oxidevfezincer(ZnO) soe seer e a eee 
isimen(CaQ) ice. == cee Se reece Se eremeete 
Oxideror lead (CP bO) eas een ee eee 
Sulphari(S)s4ct cess se ee Ae anes 


(6) Short, thick, prismatic crystals. 


Per cent. 


ote SAMS E Becton Sree ee 2d Stee ose 


The following five specimens, the analyses of which were made by 
Mr. A.'S. Dwight, M. E., represent the impure slags or those which 


* Tron (Fe) 24. 95. 
t Iron (Fe) 24.64 per cent. 








t Iron (Fe) 18. 41. 
§ Iron (Fe) 20.38 per cent. 
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contain a valuable amount of metals. They are recharged into the 


blast furnace: 
Stoney (51327.) 


Per cent. 
Sete CSA 2) eee tenelteel ae tet aeicteeiaiais sie slain slam cinemas eniais seceemicaancs «scsca seen} one on 
KOLO x (LOrOtmiTonus (OO)) aeretseie estes oc sot wcleisiclel ae sins < aiinsilsc so eeleccjceescces 37.76 
BrOLOxtdevotmanranese (MnO) iossc 22s concse cc tece setae cocc scaiecococccc cece 1. 42 
PATTI Tae CALS Os) ise same comics cio cee ae siceecieies mata chee sc ace acs seoecs ce cced coescs 4. 46 
MER CRC EZ INGE (AIO) eae acl awicialce ciate s ee tee senintine es - oes cositdssicce Sec aws sen ae 4.02 
HE HEITON (SAU) Pereret eter a eeee se iatetel ale aietatnta ereisielasieiomioa nein = aiiclsianierc esis aerate’ science 14. 24 
Peeve sue EEO) eae tee lea ieloln) sian niaimicina =inlee.tni. simp 'elss clclns ice wacin tees teos es trace 
ee reiea um rOHtlG (ERO) rasa tamer me ersten = aia ics) (ei cient s'eiciciaid citic ome aces: < see a oe cs 1. 46 
paee EMP nS ett etaeieta metastatic aviaet na acini cic < oaietddsicee So's cesl sels scwecl se sces 2.04 


Crystallized (51328. ) 
Per cent. 


Beam Te ECR SUAONag Niele te ae alin a ete ettete iol icimic cic civiniaecg\smias se focivics couse ee 31.16 
EROLOx!  OMOtINOMy (HOO) Eistinciencsseiec msec casa bescls ccc ts sasicee sees sone 31. 34 
Pree xide on manganese: (Mn@) 225-72. 2.2 'cles anon vennee woes-s osoe ve cescssmices 1,37 
ere nh Mie A) 2 ee amet eta tate siet metoteim sta ia ia oie ano be we e's ies es cals arene ptaierate 4.15 
Rear PeMseANIL CCl) es ean oie RN eae cco e AS Sone aoe aac eee caiaek es 9. 01 
EC OD) eee ale aoa alts wine motes ne ee ae acin a lassie se) a2 sin) cach eaeyaees anes 18. 66 
BPE pStLC 1 MRNA O)) Prcrares ra etetai nae a ayaalceinarceceis <ivactela tect wee enacts oe crn eee ee _ trace 
Parcinerainloagde (LOO) ena. ectaniee <a co oeimeitan ce on meee Sous sie dacs scoot ek ee ae 1. 83 
ESTER SR Mes 6S) ert lelfel= eral einl= erate] elelwie ate! aisle simi sscicei> aicirinieiatn isin cialetalcieieia\ele) <(as sia'acie seers 1.39 
Crystallized (51329. ) 

Per cent. 
Bitar SI@s) bstem sa tane aolss cota sos tac cicdeclice stain ee elseicbSersdee cacscccacecs 32.13 
PEMA a eRAP MC TEOE MOO) bert fais cc. es'= aie (> alee) ve iaiee| cia weit Se'e Sle iota seca cee sae 32. 03 
Erotoxiderotmmanoanesen(Mn@) 2: saceSasme ccc see Pascoe. cs coe cans eco-cetseseos 1597 
SemRRINT LICR OMG Ola) erate too (ccc iel clatic ate einer a earls ioe nfo ans ets cian | oo ste aoe Se eee 4.13 
Bete IE ZANION CANON). Crone stama a einle ocean su2 sce cc pen ade ee oe Ue oleae eco ee ee 9, 23 
Pee ROD) re terete oe ta a ae aia each de oslo lwanislica ate settodee eae ene oeacaneels 18. 86 
Stee MONE ey r racisiatnt sve kas tas ace ses dca oasesseoes Sos necscoe ss trace 
Shur roisleatin (NO) aco. o.oo ec malo en Sin cease via'as Sos cine Se wsleasicse vaws Gaauck 2.35 
Paes GaN peer ate os CER Ss aSe Sire (sia'clcieinysoe Boe cine oo eeaee cones cece: trace 
Spt N NaI (Cd terete ra ate erties ateVaciee otsie aloe oy circle sare S vrdl vic o Sie wisiee Sishe whales cise aeas 1. 43 

Stoney (51330.) 

Per cent. 
SIMGAGO1OD)! ..ticasacsesmecs Sate Retelniet-Voinie[aieainiafarevolatsief sr aareninicleleisisisiatemacioheseiera sae 30. 34 
Rae enlee LOC tty (HOU) cre 3 Soke cer seenv.c cea coach ec oe soe seh ace cat ee) on 18 
Pieoaideormang anese. (MnO) <2. cone ce ae ans ode cain'at ceca cocteas «dcerens L532 
SMEPSEIBR NEM DO DOr ea ee see oe wlatcee ewan eeu ae de es ceda cs sche ceece ake 3. 80 
Oxidg.otezine|(7m@).-. 5... Ssaetcees Seertieseeer AOn44 
aE PCN OM Eee He Ree ec eto aN emia Sw Ia crae meet eat oteee aa maacicneie ooh e ets Roa, 
CPSC Er IBLOAUIEG EAD O) rn arctaeno ss ete aah as hee REAL eae ses de ots sooo Seres wa eedeee 1. 40 
SMU ES NLT) peyote teinterne toe martes Seiten fa PAC a on Ss 2 Bus ai5 con suck cee loae eee 1. 39 

Stoney (51,331. ) 

Per cent. 
BUREN ICT ote cteeaic ooia Sea neal ne ton a een aoe Ae Se Cae ee ee ee ay. aI 
aici Gao Iron. CHOC))\is to 5 crema ses aap Sen cee Rata ae hy bes eek Seed 
Pauaiaeronmanoanese:(MiQ))sp2o- 2 seec se ucaetor toe chat sceeec ee cule ce 3.05 
PETROS TAN (MIRO) tensa ie So, Oe tesa ce eis ee see orn Oe Ste te a Fay 6.50 
eae C LICH ANO eset ence cee he 5 ie atc ask aoe nom. tot sa ee esis 3k 6. 72 
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Per cent. 
Magnesia (MgO)...--- .----- ----22 eo eens wees eee ne ee nee ee tee teers tees trace 
Oxide of lead (PbO) .--.---- 02-22-2202 12-2 = eee nn ee nee cee cnc ee cone eens 2.53 
Copper (Cu) ..<. 0.5 ces came oo 2-22 one meee ee coms seen: He smen os ean eens trace 
Sulphur (S) .... 22. 2-2. 2-20 eee eee cece ce eee ee nee cee cee cree cree ens cere eens 2. 57 


By products. 


Five samples of the intermediate products, matte and speiss, are 
shown. 
(1) Matte, which is formed during the smelting operation and settles to the bottom 


of the slag pot when drawing off slag. Consisting of various sulphides, especially 
iron. (51048.) A typical analysis is as follows: 


Per cent. 
MrOnUGHO) psec cece See nes sleet oe lela salle aia 52.27 (varies from 48.00 to 56.00) 
Lead (Pb) --.. ---- --20 --2- --- 20+ eo ee eee ee ene eee 10.72 (variesfrom 4.5 to 15.00) 
Zine (ZN)..:-225 cor caee teases sans--e nos cee saasens 4,27 
Sulphur (S) -....----- ------ eee eee e ee ee eee Saas 24.015 . 
Copper (Cu)...--- ------ --- 20+ eee eee wees eee eee eee 0.61 
Arsenic (AS)... - ------ -+-- cecnce soe ene erenes coeees 0.56 
Antimony (Sb) ..---. ---- ------ -ee2e- ee eee enone none 
Lime (CaO) ---.---- ------ 20+ 22-22 seen eee ne cee eee 0.41 (presence accidental) 
Magnesia (MgO).--------------- +--+ +--+ ee ee ree eee 0.47 (presence accidental) 
Oxygen (O) .----- -----2 een ee eee eee eee tee not determined. 
Silver (Ag) -----+ eee ceeeee cee eee reece cene ee ceeees 0.084 or 24.5 ounces per ton 


(varies from 21 to 45 
ounces per ton). 


(2) Matte, after roasting in stalls, whereby the sulphides are changed for the most 
part into oxides. It is a valuable flux on account of the oxide of iron which it con- 
tains. (51044.) <A typical analysis is as follows: 


Per cent. 
Sesquioxide of iron (Fe:03) ------------++-+++++---- 80. 39 (Iron (Fe), 56. 27) 
Sesquioxide of manganese (Mins 3) seeceeeesse eee 0. 93 
Oxide of lead (PbO).-.-. ---..-----------+ +--+ +--+ 7.91 (Lead (Pb), 7.34) 
Oxide of zine (ZnO). .----------- +----- ---+ +--+ ---- 0.98 
Oxide of copper (CuO) ..---. ----2+ --- 202 eee ee eee Sale 
Arsenous acid (As,O3).---------+----22+ 2-222 nee 0.86 (Arsenic (As), 0. 648) 
Antimony (Sb) .----- ----++ ----2+ eee eee eee cee eee trace 
Sulphur (S) - .----------+ -2e eee cece ee cece teers cone 1.01 
Silica (SiO:). .----- --e-2--- eee eee eee ee cee es teense 3. ob 
Lime (CaO) -.-.-.- ------ --- 22+ eens cee cee cree ons 3. 22 (presence accidental) 
Silver (Ag) .----- ------ -e e222 ene ne cern ee eee en ree 0.0614 or 17.9 ounces per ton. 


(3) Speiss, an occasional product formed when smelting ores containing arsenic ; it 
settles to the bottom of the slag pot below the matte, being much heavier. It is 
essentially an arsenide of iron, and is roasted in the stalls and then returned to the 
blast furnace. (51049.) Composition : 


Per cent. 
Tponi('6), <2. ss0~ 22 - ape ate esa ae mm een ane 58. 32 
Arsenic (As) ....--------+ +2 ---- ee eee ne ree nee ener e- 30. 005 
Copper (Cu) ..------------------ £23926 eee ee eee 2. 09 
Sulphur (8)- .- 22.25 <2--2-cor --26 sseeee Some ae 4. 105 


Bead (Pb) - =-----scee2<22---222-- seo sens pease ano See 1.87 
Manganese (Mn) ...... ---4 -0---- 22-2 seen e eee e rt not present, 
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Per cent. 
MACH (AM) tatacteloaie clases cise ae ine ie acini s Sana ses1s-z02- not present 
PMALINO DY ISD) aoc ei neere eps ae een a emcee sce coe es ece a trace 
INTO KOU GND) Weeaecas cca ssmiesecyceiwieccs seoeed veces scoees trace 
Mop ainiGoO)) pavers nese Aa ace ricciac ce ses = teases mce cokses trace 
MSO lUDleesidi Cerca eees sae cs seen aston ceciseewicced 0. 15 
Buliver (Ap) ess sasc< se cee Sele eyelet ere ee eee eral 0.015 or 4.8 ounces per ton. 


(4) Speiss, an occasional product formed when smelting ores containing arsenic; it 
settles to the bottom of the slag pot below the matte, being much heavier. It is 
essentially an arsenide of iron, and is roasted in the stalls and then returned to the 
blast furnace. (50927.) Composition: 


Per cent. 
sTEVOOTIE (GEO) esteteie epee stare akeieetay sietotelialesintntel <isisteraiatieis\atciete stole a 59. 42 
PAT SONIC! CAS) pecs Sate scission ieniscis cee Saisialaisiaioisisxscicare ease Sle l7, 
CEO GLA (OM) ete eetaaycicict scotia se mn aciemisetecisa aya siorwise 5. 06 
Meads GED cesta s ace csc se steacle ccee soec me eredlaes 0.67 
UDR NONUEE OS) seit te ssie telnnisicheciciats es Scve-sibiese cciielncleecess 2.80 
meee eee sete eet meine tee mia = ele emi ae = trace 
Woapals (CO) eeeccmciacs ce resccs ace cacscesese sess es ste- trace 
AMTGIMIGINYA (9D) conics (<== Sacissaieiacs Sere, Saicjeniccee sane se trace 
Ilene (CAO) Raters sriata tio. eciaje a ciao pare Sire eine ieee 0. 014 or 4.2 ounces per ton. 
soluble mesiduese sos. cisisliciew nw emi n-lo cele sioeinas ese trace 


(5) Matte and speiss, a compound piece, showing the separation of the two in the 
slag pot. (51047.) 


The fine material that is carried forward by the blast is illustrated 
by a single sample: 

(1) Flue dust, consisting of fine particles of the charge carried off by the blast and 
collected in the dust chambers attached to the shaft furnaces. It is mixed with 


quicklime and siliceous sulphureted bres and treated in the fusion furnace, after which 
it goes to the shaft furnaces. (51078.) The following is a typical analysis: 


Per cent. 

Oxiderormeadi (EDO) assess cess so ncctewcloccces caclces 37. 65 

Oxidgotezine (ZNO) jens s)o- oes secses ostccon ck aes srsewe 5s oe 

Pesquioxide ofaron) (Me;03)0--- soca. ssc s--+ cccees cots 24. 98 

Sesquioxide of manganese (MnoQ3) .......--....--.---- 1.51 

Ahura CAG Os) piettac ine stalerctars sinics seas ceise seer senecss 1.31 

PME) eta e soe Sala S elo cie Ss siclo masa ciancee celeesa'2 5. 26 

Magnesia (MrO)..2... 2.5 -... 2s. Seeleactepclsimeissisceieaiai= none 

Copper (OU))es sen. sac ccces smice ee eiecineen eee cleese ee trace 

Bepneerne Srihari ay ts oe See sa 8. 63 

SaIphur (8) ene ots Total eotphur, 3.18, 

Carhomeracidi(COx) kta ts satsacc nose ona ieciccetees soe. 

WYctuOIs (ila O))memiemaien theres ccoe acters sialslss d'ctedcic cee bu 20 (loss on ignition). 
BCALVONACCOUSHMALLOG- a asecccceos waciace coclces oocee cee 

Pet lmerEn CHR Rem Tener onde CMe sc Nace le bene soe ee: 0.04 or11.7 ounces per tou 


To represent the wall accretions which gather on the sides of the 
furnaces, and which are first sorted and then returned to the shaft fur- 
naces, four specimens are shown. 

(1) Red oxide of lead (minium), formed in the mortar joints in the crucible of the 


shaft furnaces. (51041.) ; 
(2) Furnace accretion, formed on the walls of the shaft furnace when smelting ores 


re a ee eee meet ie 
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containing zine. (51043.) It consists essentially of sulphide of zinc of the follow 
ing composition : 


Per cent. 
ANG: (ZN) Sarde oath seis See ene See ee Ae he een oe eee 45. 68 
Lead \(Pb) Rage esses Seiwa ore os hea Rear ees Sree 1. 48 
TON (UBO)y- Sse Ate Pee See caese., ac cakan ee arenes 6.71 
Manganese) (Mi) esos bese ve shee 6S co cae 0,54 
Sulphurn((S).ceecdeeas te ees soc ne cise ee acioe oe ae See oS 
PATICIMIONY (SD) pee Sores Seer cate oe eee eae See eee trace 
ATRONIC (CAS) Seas se. se ecc> sad eet och eseee eam ase not present 
CopperiCa) sie of. Cates cee ee see ee oe ne eee eee not present 
Silrca (SOs): 22 J. esee sk eeeeee seer eet e ee tees 8.13 
ieime:(CaQ)-2- Sosa see ae ee eee notice See ee eases 6. 20 
Silver (AG) os scysesaisesec see eee eat eet eee ete 0.0188 or 5.5 ounces per ton 


(3) Finely crystallized, nearly pure, sulphide of zine. (50926.) 
(4) Furnace accretion, formed on the walls of the shaft furnace when smelting ores 
containing zinc. (51042.) This sample contains considerable lead and is of the fol- 
lowing composition : 


. 


Per cent. 
PAN CS (AM) = ease wes. o cree pene sie tinsis oe See Solace aCe eee ee nee eee 38. 99 
ead (ED) sate. 5 sia oo Sccke S atstacc Sic ek te Sek te oe Sree ee ee 37.48 
Tron se) posses soso on cics coe e ee Sees ete tna s Mee a See ee ee oe 0. 94 
ame (CaO) iesee Seas cee oe eR ec eee Se ae es 0 3° 
Nalphur/(S)cit dst fees bed yee oe Be ee ee ee 19. 74 
Silica i(SiOs) see 5 Sass ees Sele ae eevee Sera ate ard Saerees See ee ae nee pe aE 0.87 
IATSONIC (AS) 2 05 ooo s os oa ietaia/sinat ciepecinieyapste ie csiote ne ie Sayeed se re een not preseut 
Copperi(Cul) t=. eee nee ee WEA edie bite the Ssjac. os cla ist seie ale tareie Seperate. not present 
Man ranese’ (Mn) sees Ss eU Sa oe ee get ae cree Seater yet en ee not present 
AmbiMONY (SP )essies sess saree al ee c/s = sole eae ee ee Bee Se pe ein 0.12 
Silvers (Aio)e 22- sacs e cece -variable, from 15 to 36 ounces per ton throughout piece 


When roasting thespeiss in stalls previous to returning it to the shaft 
furnaces very beautiful and interesting sublimation products are 
formed, consisting of the sulphides and oxide of arsenic. These are 
illustrated by three specimens : 

(1) Yellow sulphide of arsenic (orpiment). (51040.) 

(2) Arsenious acid in octahedral crystals of great beauty. (51079.) 

(3) Oxide and sulphides of arsenic (arsenious acid, orpiment, and realyar). Four 
specimens. (51038.) 


REFINING BASE BULLION. 


The base bullion resulting from the first smelting operation is charged 
into large reverberatory furnaces and melted. In some cases only a 
single brand of pig lead is melted in the charge, but generally several 
brands are mixed, rich with poor, and very impure with quite pure, the 
object being to get a mixture containing the right proportion of silver 
and also to assist the removal of impurities from the very impure ma- 
terial. 

Upon becoming melted any residue of unmelted dross is drawn off 
from the melted lead and the bath is submitted to an oxidizing action 
to remove the impurities; as fast as these accumulate upon the surface 
they are withdrawn. As soon as the bath is purified or softened suffi. 
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ciently it is drawn off into large kettles, where it is kept melted, and 
metallic zine in several portions is successively added. ‘This zine forms 
an alloy with the silver and rises to the top of the melted lead, when it 
is skimmed off. These zine scums containing the silver are gently 
heated for a considerable time (liquated) to remove excess of lead; the 
liquated scums are then subjected to distillation to remove the zine. 
The resulting alloy of silver and lead is then melted in a cupel and sub- 
mitted to oxidation, whereby the lead is removed in the form of litharge, 
and the silver remains behind as metal, which is cast into ingots and 
sold. 

The lead from which the silver has been removed by zine retains a 
small amount of zine, and this is removed by oxidation in a furnace 
similar to the softening furnace. From this furnace it is drawn off into 
a kettle and poled with green wood to purify it. The market or soft 
lead of commerce from the kettle is cast into pigs and sold. 


THE CHELTENHAM SMELTING AND REFINING WORKS. 


These works are located just outside of St. Louis, Missouri, and 
draw their supply of ores from the whole western mining region. The 
collection shown is confined to the refining operation and is selected 
from a complete collection of the works taken by Mr. J. P. Gazzam, 
E. M., September, 1534. 


(1) Base bullion, from blast-furnaces melting. (57386.) 

(2) First skimmings from softening furnace. (57387.) 

(3) Second skimmings from softening furnace. (57388.) 

(4) Softened base bullion. (57389.) 

(5) Spelter (metallic zinc), used to desilverize the lead. (57390.) 

(6) Zine scums, containing the silver of the base bullion, from the desilverizing 
kettles. (57391.) 

(7) Desilverized lead, containing zine. (57392.) 

(8) Skimmings from the refining farnace, containing zine. (57393.) 

(9) Polings from refining kettle. (57394.) 

(10) Market lead. (57395.) 

(11) Zine, distilled from scums. (57398. ) 

(12) Rich silver-lead alloy, remaining in the retorts after distilling the zine ; con- 
tains gold. Doré alloy. (57397.) 

(13) Rich silver-lead alloy, remaining in the retorts after distilling the zine. 
(57396. ) 

(14) Litharge, from cupelling Doré alloy. (57400.) 

(15) Litharge, from cupelling silver-lead alloy. (57399. ) 

(16) Fine silver. (57401.) 

(17) Coal, used for fuel. From Bryden, Hlinois. (57404.) 

(18) Coke, from Bryden coal. (57405.) 


KANSAS CITY SMELTING AND REFINING COMPANY. 


To illustrate the smelting of base bullion and the refining of the bul- 
lion combined, a collection from the works of the Kansas City Smelt- 
ing and Refining Company at Argentine, Kansas, is shown. 

The process of smelting base bullion followed here is, in general, the 
same as at South Pueblo, Colorado, the principal difference being that 
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a much larger proportion of oxidized ores is treated and scrap iron is 
added to the charge in order to reduce the lead from the sulphide, so 
that the sulphide ores used are not roasted previous to smelting. 

The blast-furnace charge is made up as follows: 


Pounds 

Ore, mixture of Several/mainly sulphides’ 22 25 semac a. seria ese eee ane 200 
Ore; Viola, Oxidized? sconces em Scie tok oe eee em Seine Gee Snes eee 100 
Ore, litharge, (oxide of lead) from refining furnaces..---.---.---------------- 45 
Reducinsagent, scrap wrought tron (52. -ys22 52 5 5- o eae oe eee eee ee 10 
Reducing agent and flux, iron scale, consisting of a mixture of metallic iron, 

with iron oxides .----. Seae seated thoes s Coewed Guat eae een ee ont 30 
Flux, cinder from puddle furnace.-..-.-- -- Rati ce hite eng yaks Rec eace eeeeaneee 30 
Blass ALTMOSLONG! = -< o.. oss J ocieelsleniwie sae se weeelt See ao ee eee eee eee 40 
Finx, rich slag from former smelting, 8 to 10 shovels. 
Fuel, coke from Connellsville, Pennsylvania -.-2.- ---- 2-225 eee sees 2 oe 70 


The base bullion resulting from this charge is slowly melted in 33- 
ton lots, skimmed and softened, and then run into the desilverizing 
kettles; in these two or three additions of zinc are made, according to 
circumstances, and the zinc scums and the desilverized lead are treated 
as described above. 

The collection was taken by Mr. EH. L. Zukoski, E. M., September, 1884, 
and shows a variety of the sulphide ores from Idaho (a large amount of 
which is received at the works in the form of concentrates), the oxidized 
ores from New Mexico, the fuel and fluxes, the base bullion, slags, ete., 
of the first smelting, and various steps in the refining process. 

The sulphide ores are represented by the following specimens : 


(1) Concentrates, first-class ore, crushed coarse; consisting of galena with some 
blende. O. K. Mine, Alturas County, Idaho. (54991.) 

(2) Concentrates, second-class ore, crushed fine; containing a larger proportion of 
blende. O. K. Mine, Alturas County, Idaho.  (54992.) 

(3) Concentrates, first-class ore; consisting almost entirely of galena, and contain- 
ing 62.75 per cent. of lead and 71.97 ounces of silver per ton. Hailey Mine, Alturas 
County, Idaho. (54993.) 

(4) Concentrates, first-class ore, coarse lumps; consisting almost entirely of galena, 
but showing some tetrahedrite, and containing 66.87 per cent. of lead and 298.45 
ounces of silver per ton. Parker Mine, Alturas County, Idaho, (54994.) 

(5) Concentrates, first-class ore, crushed coarse; consisting’ almost entirely of 
galena, but showing a little blende and pyrite, and containing 69.87 per cent. of 
lead and 66.8 ounces of silver per ton. Idahoian Mine, Alturas County, Idaho. 
(54995. ) 

(6) Concentrates, first-class, in coarse lumps; consisting alinost entirely of galena, 
but showing a little blende, and containing 69.12 per cent. of lead and 78 ounces of 
silver per ton. Idahoian Mine, Alturas County, Idaho.  (54996.) 

(7) Sulphide ore, galena in ferruginous quartz, showing some decomposition. 
Santa Barbara Mine, New Mexico. (54997.) 

(8) Mixed ore, as charged into the blast furnace, made up of a large number of 
ores, and consisting essentially of galena with a little blende and pyrite and some 
decomposed material. (54998.) 


The oxidized ores are represented by four specimens from the Viola* 
Mine, Grant County, New Mexico. 


(1) Cerussite, crystallized, stained with oxide of iron. (55000.) 
(2) Cerussite, fine grained, stained with oxide of iron. (65172.) 
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(3) Cerussite, crystallized, stained with oxide of iron and showing a little un- 
altered galena. (65173.) 

(4) Cerussite, stained with oxide of iron; crushed sample taken from a large 
amount of ore for assay ; containing 64 per cent. of lead and 14 ounces of silver per 
ton. (54999. ) 

(1) Asample of litharge from the cupel furnaces such as is charged into the shaft 
furnaces is shown with the ores. (55007.) 


To illustrate the fluxes three samples are shown: 


(1) Iron seale, consisting of a mixture of metallic iron with oxides of iron. The 
metallic iron acts as a reducing agent by combining with the sulphur of the galena 
thus setting the lead free. (55004.) 

(2) Cinder, from iron puddle mill. (55006.) 

(3) Limestone. (55001. ) 

(1) A single sample of Connellsville coke illustrates the fuel used. (55003.) 


Hight samples of the products of the blast furnace smelting are 
shown: 


(1) Base bullion, containing the silver and lead of the charge, together with some 
impurities. (55009. ) 

(2) Slag, clean; too poor in lead and silver to be utilized, is thrown away. 
(55011. ) 

(3) Slag, rich; containing sufficient lead and silver to be resmelted. The produc- 
tion of this rich slag is avoided as much as possible. (55008. ) 

(4) Matte, No.1. A by-product of the smelting operation which is drawn off with 
the slag and settles to the bottom of the pot. Consisting of various sulphides, espe- 
cially iron, and containing most of the copper of the charge. (55013.) 

(5) Matte, crushed and roasted in reverberatory furnace to remove the sulphur so 
that it can be recharged into the furnace. (55016.) 

(6) Matte, No. 2,or concentrated; produced when charging roasted first matte. 
Contains sufficient copper to be smelted for that metal and is sold to other works 
for this purpose. (55018.) 

(7) Speiss, a by-product, consisting mainly of arsenide of iron, thrown away. 
(55014. ) 

(8) Flue dust, consisting of material carried over by the blast and collected in the 
dust chamber attached to the furnace. (55015. ) 


The illustrations of the refining process are: 


(1) Dross, taken from the softening furnace ; consisting of the unfused impurities 
of the base bullion with some metallic lead. Taken from the furnace as soon as the 
lead is melted. (55019.) 

(2) Litharge, from the concentrating cupel; consisting of oxide of lead formed 
during the oxidation of the lead in concentrating the silver-lead alloy, (55021.) 

(3) Bottom of concentrating cupel, charged with litharge. (55024.) 

(4) Litharge, from finishing cupel; oxide of lead formed in removing the lead 
from the silver. (55023. ) 

(5) Scums, from the refining furnace ; formed in removing the zine from the de- 
silverized lead. (55027. ) 

(6) Lead, soft or market lead. The final result of the process, which is sold for 
consumption. (55026.) 

LEAD ORES. 


THE SOUTHEASTERN MISSOURI LEAD REGION. 


This is one of the oldest and best known mining regions in the coun- 
try. The first mining operations were carried on in 1720 by the famous 
Law Company, of Paris. As the lead is found near the river, the 
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facilities for working even in those days were good, and during the last 
century a considerable amount of lead was extracted, but like all other 
regions it has its ups and downs, and at present it is only by the utmost 
care and economy that the mines can be profitably worked. The ore 
consists of galena scattered through magnesian limestone, and is tech- 
nically known as disseminated ore. The ore bodies occur in irregular 
and often very large masses, but there is no distinet line of demarca- 
tion between the ore and the barren limestone. The galena is accom- 
panied by pyrite, and occasionally by chalcopyrite, and these generally 
carry cobalt and nickel. Blende is occasionally found. The amount 
of silver in the ore is not sufficient to be of any value, varying from 1 
to 4 ounces per ton. 

The active mines are mostly found in Madison, Jefferson, Washing- 
ton, and St. Francois Counties, the most important being the St. Joe 
and Desloge, Bonne Terre, St. Francois County, and Mine La Motte, 
Madison County. The Valle Mine, St. Francois County, produces a 
considerable amount of zine. 

Owing to the peculiar nature of the ore, a large part of it has to un- 
dergo an elaborate system of mechanical dressing to separate the galena 
from the limestone. The system of dressing at each of the large works 
differs in material points from the others, and two of them are very 
fully illustrated by the collections. 

The Desloge mill is very large, and is calculated to treat 300 tons 
of rock per day. The ore passes through Blake crushers and then 
through rolls, and is afterwards carefully classified, so that each set of 
jigs treats a material of very uniform size, differing from each other set. 
In the St. Joe mill, after passing the crushers, the ore goes through 
but one pair of roils, and the material is fed direct to the jigs without 
any classification at all. 

The product of these dressing operations consists of very pure galena, 
commonly called * mineral,” and a mixture of pyrite and galena, com- 
monly called ‘‘sulphur.” The galena carries from 70 to 75 per cent. of 
lead, the following being actual determinations: St. Joe, September 
10, 1884, lead, 71.36 per cent.; Mine La Motte, February, 1880, lead, 
77.43 per cent.; January, 1851, lead, 72.12 per cent.; iron, 2.37 per cent.; 
cobalt and mickel, 1.51 per cent.; copper, 0.92 per cent.; insoluble residue, 
1.39 per cent. ‘The following analyses represent the composition of the 
sulphides : 























Sulphides. 

St. Joe. Mine La Motte. 

| ee i —— 

| Per cent.| Per cent.| Per cent.) Per cent. 
Mead ACE) ets sce cichle secs cele eee e us ene bieeae eee eeeeae eee 21. 87 Geek: 13. 34 0. 98 
Tron: (He)Mesee. at L eee che oo eect wan eens dese ce manenine L621 eee eee 44, 24 | 40. 60 
Cobalt. andnickelt(Corand! Ni) =e esc eee sone eee eee 0. 61 4.77 4.07 0.71 
Insoluble Tesidue ssa. oh sas Sse k is oa woe Seen eee eee ees aoe eee | Ceara 3. 58 4.40 
Sulphur:(S)ct.--cutescaks coeeeece sets acee oo eee Bese ok ee Gk ss Re nee 20. 37 41.18 
Amal YStS} 7% sc\seaiacs Lees sasecee dees seas eeeceenes sees ee eea ‘Setz. | Neill. Neil.. | Neill. 
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TREATMENT OF THE ORE. 


Formerly the lead was extracted in Flintshire and Scotch hearths, 
small reverberatory furnaces, which treat from 1 to 2 tons of galena, 
and produce lead at a single operation. They had the advantage 
of being inexpensive and suited to small mines; even farmers fre- 
quently owned them and worked them at odd intervals. They were, 
however, very crude and wasteful, as is well illustrated by the follow- 
ing analysis of the slag produced: 


Flintshire ‘Grey Slag” Desloge. 


Per cent. 
PSS TUT HN (OSS ©) 3)) eee ae ea amen nte reel ore a ferat tte alate taVa wl wieiel eyetala’a sl eln\wieleie) a\minia\nin! aisle miata 8.3 
Erovoxtd clo teronn (HCO) ese ee esate scin tole sictel ce siete 4 cicleole eo) fmiw!mn la = alain) =1n1c o./a1/ ea) = ial=ia 10.2 
PE eHER OAC) ener eer tas Stas agree clea ce se enic’e aigeinia anid voelalvswene eaecee sanaissae 16.0 
Meetioniciy (NCO) eer, fan ci eacinwinlecanien mle ainlw cee etre Sao ciwe onnn saceesibana moaais 4.0 
SST DENTE (See tees eee atta retate ici tecte feta ct cin eimwiatzin ain iwie) ele'ntal elnie misiol sininimiwiniaiaisinins sim= = 4.5 
Sere ela LenD) Ramen aeetaceicie cise e isc wise te sim sce clean a ale aciseievers wrole opainta'n/ateltuiniel~ tantotaE= 32.5 


At present the metallurgical operations are much more complex, and 
are carried out on a much larger scale. The galena is first roasted in 
large Frieberg hearths, which are low reverberatory furnaces 66 feet long 
and 12 feet wide, to oxidize the sulphur. The galena,in 500-pound lots, 
is charged into the end nearest to the stack, and as the sulphur oxidizes 
itis moved along towards the hearth. When it reaches the hearth the 
sulphur should be reduced to from 4 to 6 per cent., and as soon as this 
condition is attained sand is thrown upon it in order to sinter the mass, 
so that it can be withdrawn and readily handled. The following analy- 
ses represent the roasted mineral : 


Roasted mineral. 























™ Cobalt : d | a 
teed frron(ey| amd, | Suighor) Tims | ANgS [mseinble| Analyst 
| (Co & Ni) | | 
Per cent. Per cent.| Per cent.| Per cent. | Per cent. Per cent. | Per cent. 
Waslorers- sacs. 64. 30 | DESShl ne sean eee 6. 00 1.90 |  13.09|..........] Hotfman, 
Bimehoe Septalsteese|s 9693 30).|---seea- clea see SECS! seme eee (kt. 2 Seine |S ee as Setz. 
Sit OC ace ee seals =) GOSGON eae Se so elon weeretotere ADD |e eet Pale = aioe aaa ellos amet chen Setz. 
Mine La Motte : 
Dee. 30, 1880...) 71. 85 StO2N | Cee a2 2. 25 2801/2 atest es teNeiE 
May 31, 1881. .-.| . 95 4.50 1.11 7.41 0. 76 Tools| eee es (NE IIe 
Nov. 1, 1881 .... 69.77 Geile eee ARON) | Pee Esso mee eee 8.12 | Neill. 
Jan. 25,1882....| 72.73 Moai lteee ee kasi ean, 1eoa as eres. 6.12 | Neill. 
May 15, 1882. ... 68. 40 | 5iG0P|eesaeeeoe: 4,71 | 4.00 ie Sa x be 8.92 | Neill. 


The roasting of the sulphides is a more rapid and easier process than 
roasting the galena on account of the iron they contain. They are 
thrown in one-half to one-third the way down the furnace, and when 
the roasting is complete are withdrawn without sintering. The follow- 
ing analyses represent the roasted sulphides : 
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Roasted sulphides. 


Desloge. | St. Joe. Mine La Motte. 
































Per cent. | Per cent.| Per cent.| Per cent.| Per cent. | Per cent. 
TON (HC) te ocecle scene camecd sete et eees 17. 39 16. 63 23. 82 21.91 44.37 17, 50 
TeACWE D) ies eors so cele ta sos eecelne Ss oa sue ee 15. 42 18. 46 30. 74 12. 58 28. 00 
Copper\(Ca)i ice nots. b on dat eeti se ecas bee] eden cenie Oe nia a aaa eae e Reel eee 0.97 10. 33 
Nickel and Cobalt (Ni'and Co).---...2-2).-s.2. 220% SL yan ears leeeieenes 0. 98 | 4. 07 5. 30 
Hames(Wa) 2 ccct casos cael weeecee ceenes 10. 34 3418 22S cect] 16, 25 3. 57 3.00 
Minonesia (MgO) nn ascsee= seer enascees|scaneeeeee | 1783's |Pretateymte ae ale 8.11 1, 25 1.65 
Nalphur (S) ten cee~ cs seace wneses ceases. 15.12 6.36 7. 41 8.96 7.12 9. 50 
Insoluble MTesiduer-3-shs- sswces so -e~ ss Wee eek noes ee oe eeeies | See ee esas ame erent eee eae 14.19 

AnalyBb- tat sacs se eeis= sete eis “Monell. | Setz. Setz. “Setz, | Neill. | Neill. 





The roasted ores are reduced in a cupola furnace. There are two 
kinds of smelting. In the first puddle mill cinder is employed as an 
iron flux, and pig lead, first matte, and slag are produced. In the sece- 
ond class of smelting roasted matte is used for the iron flux, and at the 
same time mattes richer in cobalt and nickel and copper are produced. 
This concentrating of the matte is continued until it contains sufficient 
cobalt and nickel to be shipped away for the smelting and refining of 
these metals. 

The charge of the furnace is generally calculated to give a slag con- 
taining 30 per cent. silica, 40 per cent. protoxide of iron, 20 per cent. 
oxide of calcium, and 10 per cent. of other constituents, but these vary 
a little. Sufficient iron is also adéed to form matte with the sulphur of 
the ore. 

The slags produced at the different works and in the different char- 
acters of smelting are represented by the following analyses: 

















e Ore slag. 

“St. Joe. Mine La Motte. 
aes es pee pe ee eee | =: 

| Per cent. | Per cent. | Per cent. 
Silida(SiQs) cast a 382 oes ee nonce ci eo ea See, ee nea | 33.67 | 24.00 35. 30 
AT crise (ATS Og) esc oe cee eae ae Se ae See Pern 3.56 9. 04 5.50 
IProtoxsdevor iron (HeO) eo-~ son. ascice eee ee coe eee ee eae eee 39. 32 45. 36 | 35. 90 
Mamas (Cad) Stans sacs scan neac ae baie pine eco oe oa ors eee eee 16, 21 11. 20 | 13. 90 
Marnesial(M gO) ic sateceesnaam ate seat Sees dae cor eee Oe ee Ene eeee | 6. 64 3.29 | 9. 27 
Bond (PBy> oe ones ee ta ee Pe Oe ae gee SS? Obs 2.75 | “eae 
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Matte slags. 
St. Joe. Ramune is Dh SoS 
1st Ist. dda cle 20k 3d. 

te _ Te ee wee : | s 

. Per cent.| Per cent.| Per cent. | Per cent. | Per cent. 
PSTITGHN (SIO) Roman nee etn eein et tielmia lalate wiwarciclacielwinetaiee 31. 41 28. 20 35. 27 38. 20 39. 34 
PMInIMIn ay CAs Os) peor cece nes se cec teen cndecastoeeas. 2.13 7.10 1. 97 135,10! )ipses teens 
Brotoxide of 1ren(H6O)! ..2.c5 2 se. ccc cte ewe cccnat 48. 58 40. 00 36. 36 33.00 | 22. 38 
Meine! (CuO)saf.2.-252.<205¢ aE O Ee cc ney 19 43\|) 1.40. | 14,14 | — 48,90 | 18.53 
Magnesia (MgO) .-...--..--. eee eeeese sees eeer 4, 88 6. 00 9. 43 6.00 12. 28 
SVE RR EY ELIS (9) ) eee ote ote wie eee ale ater areata le ate | reer ees chev tctnratot rate | Siarenstate’ = ace 2. 56 Le wees 
Nickel and cobalt (Ni and Co).-:..-........--...-. 0.81 1.70 0.71 1.46 | 2. 26 
recta Oise © eee Pees te Ot NE. eC Net Das [sei oe (ei ta 50: | 1.74| 2.30 2, 22 


The pig lead produced by the cupola smelting contains considerable 
subsulphide of lead and has to be refined. 

The composition of the different mattes varies greatly, especially as 
regards the amounts of the more valuable metals, cobalt and nickel and 
copper, they contain, as is well illustrated by the following series of 
analyses made by Mr. Neill from the Mine La Motte works. 





Roasted first matte. 






































| ate | ae: 3. 
Pee oct Saban MEINE 
| Per cent.| Per cent. | Per cent. 
mvekolandoopalti(INtand Co) sesh seo. tole tank eee se aseececkcoees | 3.12 S\60r) aes see 
MEO BOE OW) ser tates ee eeltae ek meses chee Saree ciges ePiscchisacise sass tate sts 1. 79 | VODT || ce aco 
REAM UEAD) Meee ia = ctin eee te ce rec iaiale foe Scie gerne cic deine Waa aaa soehielse sic 13. 68 7.96 | 17. 54 
Tico (CDE) ee ee ree ane eT ea ae tng oe te | 46.44, 58.14| 45,00 
Sulphur (S).--.---- Sareea lates cele ita <a cinlate Se eee SE eae tie See ewia we eceaas 6, 34 3.09 8. 21 
Insoluble residue:-----s-- 2 <2 s- once SS Gh Mace eth Sades seinsisus aeieces | 3. 76 | 3. 24 | 3.08 
Raw second matte. 
1 gale ore lee 
Per cent.| Per cent.| Per cent. Per cent. 
Nickell andiCobalt ((Nijaud: Co) 2.2 secceeces---25-5c-en- | 12. 88 6.51 | 3. 89 | 12.31 
Wappers(Culesssce en eb sos crs a ste desea sine eee ceaae = se see 4, 33 | 2.25 | 1. 04 2. 60 
Hhexd Cb Meese ee eee eee seh e eeeniseceese Pe A en 33.50 | 23.96] 23.37 29. 52 
Hinernin (UG) eco eocas tac ccaes seca. ofan nocsbessedaosceeneces 28. 47 48. 05 40. 80 26. 98 
Serrebes leas (SiMe ae ee ey eee: Votes ORE ca ake LON ee | 18.15 1G)59 Moss eecee eesti 
ESOL UO LeyE GRO Le tetra enews iietctras cote cea cise slen eis eecsreee ene 0.36 0.46 | trace. | ee ahs eee 
: ore ses eee Se ee on EE eae au PR 
; Raw third matte. 
: a | | = 
, 1 2 3. 4 
; : sa a 
: | Per cent.| Per cent. | Per cent.| Per cent. 
f Wickeliand Cobalt (Ni-and Co) -2-. 5.2. cccec- se -- cent - eae 20.19 |11.18 to 9. 98 17.01 | 15. 22 
ROOT CIN sees eaten ee pileiel ate aston om etereicitel=rel<1ia) Uaioe ae 7.15 7. 27 6.75 | 4.31 
; GROUND iveaeare ote aioe ais ow'e Se twain Roem Pate aasle eee eieel teeters 36.77 36. 16 20. 69 39.15 
. NoniGhe) <2 eis. 37-- Se eec gis Saetees 8 ac Seg a | 14.45 15. 74 29. 74 21.61 
. Sion arin (Seeman aenet ete teat acces unease er ueereae | 23. 68 | 80850) | aa eae |e 8 
PACD EOSIN en seer eacncsese a date ce cross ecu ae eee utsen | emcee cet ace 0. 42 0. 50 
en 
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Slag which was made in the smelting of this last third matte is rep- 
resented by the last slag analysis above. 

This region is represented by two very complete collections, made by 
Mr. J. F. Kemp, M. E., September, 1884. 


St. JoE LEAD WORKS. 


The product of the mines is illustrated by the following specimens 
of the ore: . 

(1) Galena, with a little limestone, rich lump ore. (54884.) 

(2) Galena, in cleavable calcite. (54887.) 


(3) Galena, in compact limestone, characteristic disseminated ore, (54886.) 
(4) Galena, in granular limestone, characteristic disseminated ore. (54885.) 


The disseminated ore is treated in the concentrating mill, as shown 
by the following scheme, figure 4: 

The material remaining on the top of the sieves “ heads” is here called 
“scrapings,” that passing through is called “hutchwork,” while the 
tails are called ‘ chats.” 

The ore from the mines is delivered to eight 15-inch by 9-inch Blake 
crushers; from these it goes to eight 14-inch by 30-inch Cornish rolls, 
and thence passes over 7-millimetre screens. The coarse material is 
returned to the rolls, while the fine is washed to centrifugal pumps by 
a stream of water. These pumps force the material to an ingenious dis- 
tributer, which delivers it, without any sorting as to sizes, to the piston 
jigs. There are thirty-six of these jigs in two rows of eighteen each, each 
jig having two sieves. The heads from the first sieve of these jigs, called 
scrapings, is good mineral. The hutchwork passes to a settling box, 
the settlings of which are purified in an ingenious screw-washer, yielding 
good mineral, and washings which are united with the settlings from 
No. 2 settling-box, and go to eighteen eccentric jigs, with 3 sieves each, 
yielding almost entirely hutchwork. The settlings from boxes Nos. 3 
and 4 are treated on percussion tables. The overflow from sieve No. 1 
of the piston jig goes to sieve No. 2, yielding scrapings of pyrite, which 
are recrushed, hutchwork and tailings which are known as chats. 
The mill treats about 800 tons of ore per day, yielding about 100,000 
pounds of dressed mineral. The various steps in this process are 
illustrated by the following specimens : 

(1) Feed for piston jig. (54931.) 

(2) Serapings from piston jig, sieve No.1, mineral. (54932.) 

(3) Hutchwork from piston jig, sieve No. 1. (54925.) 

(4) Mineral from serew-washer. (54922.) 

(5) Feed for eccentric jig, sieve No. 1. (54929.) 

(6) Hutchwork from eccentric jig, sieve No. 1. (54928.) 

(7) Hutchwork from eccentric jig, sieve No. 2. (54930.) 

(8) Mineral from bump tables. (54934.) 

(9) Serapings from piston jig, sieve No.2. (54926.) 

(10) Hutehwork from piston jig, sieve No.2. (54927.) 
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Scheme showing the operations of the St. Joe Mill, 
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The metallurgical treatment is illustrated by the following speci- 


mens: 
Ore. 


(1) Roasted mineral. (54912.) 
(2) Roasted sulphides. (54923.) 


Fuel. 
(1) Coke from West Virginia. (54902.) 
Flux. 
(1) Cinder from an iron puddling furnace. (54908.) 
Intermediate products. 


(1) Pig lead, unrefined, from blast furnace smelting. (54875.) 

(2) Slag, from the blast furnace smelting. (54907.) 

(3) First matte. (54905.) 

(4) First matte, roasted. (54935.) 

(5) Second matte. (54906.) 

(6) Second matte, roasted. (54916.) 

(7) Partially roasted second matte, coated with sublimed sulphur. (54920.) 
(8) Third matte. (54911.) 

(9) Third matte, roasted. (54915.) 


Products. 


(1) Nickel and cobalt matte. (54918. ) 
(2) Refined pig lead. (54876.) 
(3) Skimmings from the refinery. (54909.) 


DESLOGE LEAD WORKS. 


The product of the mine is illustrated by the following specimens of . 
the ore: 
(1) Galena, with a little pyrite and limestone, rich lump ore. (54880.) 


(2) Galena, with very little pyrite and limestone, very rich lump ore. (54881.) 
(3) Galena and pyrite, in limestone, characteristic disseminated ore. (54882.) 


The disseminated ore is treated in the concentrating mill as shown by 
the following scheme, figure 5. 

The material remaining on the top of the sieves “ heads” is here 
called “ scrapings,” that passing through is called “ hutchwork,” while 
the “ tails” are called ‘ chats.” 

The ore from the mine is delivered to three 15-inch by 9-inch Blake 
crushers; from these it goes to three 14-inch by 30-inch rolls and then 
to a 9-millimetre screen. What passes over this screen goes to three 
14-inch by 30-inch rolls to be recrushed. What goes through the 9-mil- 
limetre screen goes to a 7-millimetre screen. What passes over this 
screen goes to the coarse jigs. There are three pairs of 2-sieved, end 
lever jigs, and one 4-sieved Collom jig, yielding scrapings, good min- 
eral, and hutchwork, which is recrushed, The overflow from the first 
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sieve goes to the second sieve, yielding scrapings which are recrushed, 
hutchwork, sometimes recrushed, sometimes sent direct to No. 3 jigs, 
and chats. The material passing through the 7-millimetre screen goes 
through a series of five hydraulic classifiers. The settlings from the first 
classifier go to the second set of twelve 2-sieved jigs, yielding from the 
first sieve scrapings, good mineral, and hutchwork, sometimes sent to 
third jigs, but with rich rock is good mineral, from the second sieve — 
scrapings sent to recrushing rolls, hutchwork to third sieves, and 
chats. 

The settlings from second and third classifiers go to the third set of 
eight 3-sieved eccentric jigs, yielding from the first sieve scrapings and 
hutchwork, good mineral. From second sieve scrapings, pyrite, and 
hutchwork, retreated on faster jigs. From third sieve scrapings, sent 
back to first sieve, or with rich rock, pyrite, hutchwork, retreated on 
faster jigs, and chats. The settlings from the fourth and fifth classifi- 
ers are treated on slime tables. 

The various materials sent to the recrushing rolls are treated after 
crushing in the fourth set of eight 3-sieved jigs, yielding from the 
first sieve scrapings and hutchwork, good mineral. From second sieve 
scrapings, pyrite, and hutchwork sent to the old mill. From third 
sieve scrapings, pyrite, and hutchwork sent to the old mill, and chats. 

The old mill treats the hutchwork from the second and third sieves 
of the fourth set of jigs, and rich chats from the main mill. The ma- 
terial is first crushed and then passes through a 3-millimetre screen 
and the coarse material recrushed. The fine stuff goes to a hydraulie 
classifier, the settlings from which, 3 to 1 millimetre, go to the first of 
two 2-sieved end lever jigs and two 3-sieved eccentric jigs. These 
yield from the first sieve scrapings and hutehwork, good mineral, 
from the second sieve scrapings, pyrite, and hutchwork, from third 
sieve scrapings, pyrite, hut chwork, and chats. 

The overflow from the classifier carrying fine material is treated on 
slime tables, yielding as end products heads, good mineral, and tails, 
rejected. 

Tne various steps in this process are illustrated by the following 
specimens: 

(1) Hutchwork, jig A, sieve 1. (54938.) (8) Hutchwork, jig ©, sieve 2. (54958.) 
(2) Hutchwork, jig A, sieve 2. (54942.) (9) Scrapings, jig D, sieve 1. (54946.) 
(3) Serapings, jig B, sieve 1. (54944.) (10) Hutchwork, jig D, sieve 1. (54941.) 
(4) Hutchwork, jig B, sieve 1. (54948.) | (11) Serapings, jig D, sieve 2. (54939.) 
(5) Serapings, jig C, sieve 1. (54962.) (12) Serapings, jig D, sieve 3. (54950. ) 
(6) Hutchwork, jig C, sieve 1. (54949.) (13) Chats, jig D, sieve 3. (54960.) 

(7) Serapings, jig C, sieve 2. (54947.) 


The metallurgical treatment is illustrated by the following speci- 
mens : 
Ore. 
(1) Roasted mineral. (54896. ) 
(2) Roasted sulphides. (54940.) 
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| lux. 
(1) Cinder from iron raat mill. (54892.) 

Fuel. 


(1) Coke. (54901.) 
Intermediate products. 


, (1) Pig lead, unrefined, from blast furnace smelting. (54877.) 
. (2) Slag, from the outside of a pot full. (54893.) 
(3) Slag, crystallized, from the interior of a pot full. (54890.) 
(4) Matte. (54894.) 
(5) Roasted matte. (54899. ) 
(6) Roasted matte. (54895. ) 

Products. 


(1) Nickel and cobalt matte, contains 9.86 per cent. nickel, 3.22 per cent. cobalt. 
(54921. ) 

(2) Pig lead, refined. (51128. ) 

(3) Skimmings from the refinery. (54898.) 


THE PRODUCTION OF PIG LEAD AND WHITE PAINT AT THE LONE 
ELM WORKS. 


These works are situated at Joplin, Jasper County, Missouri, 14 
miles northwest of the town, and are connected with the St. Louis and 
San Francisco Railroad by a branch track. They are shown on PL. 
1x. The ore treated is mined in the immediate vicinity, and consists 

essentially of galena, with some blende and chert, the galena being 
sometimes more or less decomposed. The ore is roughly dressed at the 
mines. A mixture of the ore with raw coal and slacked lime is charged 
into a large Scotch hearth which is kept very hot, the object being to 
produce as much fume as possible. The products of this operation are 
pig lead, which is refined and sold, pasty slags containing oxidized com- 
pounds of lead, lime, and chert, which are afterwards treated for the lead 
they contain, and the fume. This latter is drawn off by an exhaust fan 
through settling chambers and cooling flues, and collected in bags made 
of unwashed wool. It is an impalpable powder of a lead color, and is 
known as blue powder. From the collecting bags it is drawn off onto 
a brick floor. 

This material contains sufficient carbonaceous matter and unaltered 
sulphides to burn when ignited, and burning converts it from a light 
impalpable powder, difficult to handle, into an open, porous crust suf- 
ficiently coherent to stand the subsequent handling. 

_ This crust is next thrown upon a very hot coke fire, in a slag eye 
furnace. This treatment gives a fume in the form of a perfectly white 
powder, which is drawn off and collected as before. The purified fume 
forms an excellent paint, and is in much demand for that purpose. 

In the slag eye furnace are also treated the pasty slags from the 
hearth, and some carbonate of lead, locally known as “dry bone.” 
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Besides the fume, the slag eye produces a dirty metallic lead, which 
is refined and sold, and slags sufficiently poor in lead to be thrown 
away. This operation is very fully illustrated by the following col- 
lection made by Mr. E. B. Kirby, E. M., October, 1884. 


SCOTCH HEARTH SMELTING. 
Ores. 


(1) Galena, with a little blende and chert, lump ore. Short Creek Mine. (55159. ) 

(2) Galena, showing some decomposition, with a little blende and chert. Lump ore. 
(65246. ) . 

(3) Gelena, with a little blende and chert, ready for the hearth, Dressed ore and 
mineral. (55160. ) 


Fuel. 


(1) Bituminous coal; used for the hearth and boilers. (55162. ) 
Analyzed by the writer it gave: 











Per cent. 

Witter. acest siele\e~,cininici ~f= mia raialaieya|ainainieic aXsiare aie n rap asia <tc an io ae ee 2.36 
Wolatile matter .2.2. 2 20, deine saat shaw eee cee Seen ee a 34.50 
Bixed CarpON, 2% 2o- 3- Ge = ase tem ieee Ae Se cae ee 59. 37 
Ash (pink and white) <2: 77 ac-. 2: sees. neces ee eeeee ease. ee. eee 3.77 
100. 00 

Salphor (5.5.3. seteegatgwamene nae Sue ha kos ea eee Ee 2.42 


Flux. 


(1) Slaked lime, made from limestone, 6 miles south of Joplin. Used to stiffen the 
slags in the Scotch hearth so that they can be easily worked. Freshly burned it 
contains 97 per cent. CaO. (55163.) 


Analyzed by the writer it gave: 
As received. Calculated to quicklime. 





Per cent. Per cent. 
LOSS ON ISILON S22 eee ase ae Poaeraaiee f sag eee ee SOS O05 te eae s eye 
Insoluble wesiGne, see oe ata ao neon. oe eee ee 1.52 2.16 
Oxides of iron and alumina ((FeAl),O3) .. 2.2.22. 2... 0. 28 0. 40 
Ie (CaO) 222 soo seen ee ant cin ates a eee, eee 68. 07 96. 92 
Magnesia (MeO) 3.24. cs eseeccke et eeceie tec tus hae ene ae 0.51 

100, 30 99. 99 


Intermediate products. 


Six samples of the first flue dust are shown. This dust is very com- 
plex in its composition, and varies somewhat according to where it is 
deposited; it consists of oxidation products together with unaltered 
sulphides of lead and zine, some quicklime, carbonaceous matter, and 
other constituents of the charge. In some cases there has been only 
a small amount of oxidation of the sulphides. 


(1) From half way between the hearth and the fan. (55165.) 
(2) From first dust chamber. (55164.) 
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These two samples on analysis by the writer showed: 





595165. 


Per cent. 


69 


| 55164. 


Per cent. 














MOIR OMMLEIMOSI GUO (S10) aces cet sca ccn dawancccctotnebete ainislelaiolsfaleistelnisiainis stele esis 2.54 | 6.48 
BEEP ACO fe Mexd (DS) anaie castes aeeee cc oct sents ob cbs wees cock ccbockencdecs 10. 41 | 51. 59 
- Sulphide OfeZATC(Z0S) |= cates sere een ee eletelalolelolate ntmim lalate latest nfore iclalarsreriaia oie ata ote ciate 0.11 | 5.57 

Srpauoeoislogd (DSO; seeson came mneem oe secs eet ke ac ee bois RDU ee 61.39 | 19. 45 

MERI enO IME h (iD Oe nctcerasece iss atastiacts sianise Shatinch ee ad cen oe ceo eee ue eee ewe 11.47 3.79 

RIO COL ZANTE Cp (ZiT) esate cee icne care, ere cae ee tae oe SEB lie oot hoes bten inc. 0; 42 0.35 

ESL KIS, OE TON (HOsQa)iem acc as lak voce nose aac eee ees ee ewe cane) Loe 0.97 0.50 

PALLIAT ATNELS (CAUIS C) EDR Siectsie stctsee ae sraew Seis Boe Cae ate sae SateSaee Senet bas Sone oooe. Mee 0. 05 | 0. 06 

PETE CAO) Messe ee ments cise cclalee cece aeisnicla sane eo ee deena La cohen ee ees 5. 24 6. 40 

POMP ast (VUE) Betemier etatcicseine reat ayo eae ais Sense eee nee ea eiee amen ee ee, 0.03 | 0.03 

Carbonic acid (CO,).-....... aletel= mim laleiniele mielalefeiaes(stni= mifasei waleisicisicesciccien ec coe cence 1.35 3. 83 

On combustion they yielded : | 
RANDOM CEACLT (COs) ernie sec eeiseee se caecies icc asec ese vas cls cot nae mekecine woes 7. 38 | 14. 41 
RE PIPERR eee e ten ee nee Pe NY oon ts gc, Shek epee 3.53 | 3.38 
(3) From first hopper, first row, blue room. (55166.) 
(4) From sixth hopper, second row, blue room. (55167.) 
(5) From first hopper, fourth row, blue room. (55168. ) 
(6) From tenth hopper, fourth row, blue room. (55169.) 
Composition of the blue powders analyzed by the writer: 
55166. | 55167. 55168, 55169. 
i | ———| we 
Per cent. | Per cent.| Per cent.| Per cent. 

Sretlpiniderotelesa (DS) sesece acs aes cees Seat eck case cee aene 6.18 | 10. 37 5.19 8.61 

Erlphatorotaeady(EbDSOs)kccstenas-e tee cose ie lace eee 45.34] 43.55 46. 88 43.57 

MEMEO flea (PbO) bans onc issteme cence ces sre sacne concn eee: 44.44 | 44. 48 | 45.08 44.18 

nL (AN) Ee ale en eo alsa Spec eda mn Se Sues Gane satus 0.61} 0.34] 0.48 0.61 

Sesquioxide of iron and alumina ((FeAl),0,) ...........----- 0.10 0.05 0. 07 | 0. 07 

mines (Gal) eres ce eeuee tek soa osee DEANE Male ht Nahe SLi 0.21 | 0.01 | 0.03 | 0. 02 

RSE SIC ye eee ener Re Re OME acs Cs | A QUIZ iltint Gaba Fonte 0.14 

BAL PCULCACIC: (COS) ees cacecmanc cesses snes scee neers cae ee 0. 23 | 0.19 | 0. 26 0. 08 

Seal SHUMONS: ACIOM SOs) esses jaok coca ian a. Ss reheat ae 0.96 | 0.12 | 0. 68 0. 44 

On combustion yielded: | 
ParepOnNcCraClln(C Os) nccceAsestiock sce ce ece cae sce cnicek eco cee: 3. 62 2.98 3. 22 | 2. 92 
Ueto Ia Cte 0) he aete tala lore senate ns shoes ccc on eee eee Se 2.12 157 2. 33 nay fal 

















(1) The roasted blue powder consists of oxidized compounds of lead, formed by 


roasting the blue powder. 


(55170). 


An analysis by the writer yielded : 


Sulphate of lead (PbSO,) 
Oxide of lead (PbO) 


Oxide of zine (ZnO) 
: Sesquioxide of iron (Fe,O3) 
Alumina (A1,0;) 
Lime (CaO) 
Silica (SiO,) 
Carbonie acid (CO,) 
Sulphurous acid (SO,) 
Water (H.0) ...... 


Per cent. 

48. 76 
. 82 
sod 
32 
05 
458 
10 
90 
. 65 


37 


. eae 
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Final products. 


(1) Slag, from the hearth smelting. (55174.) 

The analysis of this material presented unusual difficulties. Several attempts were 
made upon it without entirely satisfactory results. The figures given are the results 
of a very careful examination, and are given as obtained, without insisting too much 
that they represent the actual arrangement of the several bodies. A small amount 
of coal remained adhering to the slag, but it was not submitted to combustion, The 
analysis by the writer gave: ; , 


Residue insoluble in nitrie acid. 
Per cent. Per cent. 














Silicas(SiOn) Ezkase er eee awe eae coosaece see ccm Saco ee eee ener: On 
Sulphatetleads(ebSOs)\casaee= eee eee Se pn Epa Be ae le 0. 24 
Sesquioxide, ofaron.(PesOs) psec see iaoe Sena eee eats ee eere se 1. 67 
BASU TNT Neat (ATG Os) tierce oe eyelec ss apr saiete meee clenele erento reraere rere ma re eee 0. 21 
Oxide of zine (ZnO)..--.--. Soe siscioe och num kee etee ioe caret Seer 0. 57 4. 66 
Sullphiaterofele sal GPS Oi) acces ape a are ere ei aes ore ae re eee are are 4, 94 
Acetic acid solution. 
STH Gan GSO) teeth acters tence ee lepan ees area oe eee eral are eee ee 10. 73 
Oxidesof lead \GPDO) acces oe Satie a rea eee ee ee ee eae eset 33.55 
Sesquioxide ofuro ness) 2 ae sees ee siete ae eee ae eee eos 
Mliamina (AISOs) 225 5 tke Sens sees cass eee cies oye Se ese es ee eee 0. 57 
Osxideof zine (ZnO) sss ose a ce mesons steer eaten sec se peers 13. 96 
Lime (CaO). ..--- 2. - -se2 none een scent bane occ cree rane we wemaee 11. 49 
Magnesia (MgO) .-<2...-..- Bret See etal Ne aioe RCRA aR B nor 0. 12 71. 65 
_ Nitric acid solution. 
Sia po La GL ene Fees cycler te ere ere ee oS 
Sip hide ironvGhes>) se aoe = ose eet een Seine eee are 0. 67 
Sulphide of zine( ZnS) 0. <5. ee - << weer ooo eeete = erie ses iter 3. 64 19. 04 
100, 29 
Sulphurous acid (SO2) was not present in weighable amounts. 
(2) Pig lead, from the hearth smelting. (55172.) 
Analyzed by the writer it showed : 
; Per cent. 
Arsenic (AS) -.--------< ee ea eee 0. OOO1LL 
SENATE ANN COUN Vgh (O13) ese ge alee te ee 0. 00146 
Silly ems(CAtG?) Fes Se Se Eee oe a are Solo are cia ere Sea a ata ee 0. 00056 
Capra aera 0. 01782 
ES TSM Gs GS) epee eter at aris ie tetera ree este tate a trace. 
@adminm(Cd) Rasa sae eee oe eee eae a eee ere trace, 
INtekeliGNT)\seseteoe ance bee oss a ersten tee ae eee eee SES ou Ss pSu nS eco ebae. sace 0. 00077 
Cobalt (Co).-:--- be Ds ot Ro otis a ae hse es oie Se te Oe eee Cet eee eee ee 0. 00905 
Pron GHG) oceans eos oe ele see eee oar ee ee ee ee ara Sera 
ATION CUZ) precio viet ete eta area ee cee eee eee ae ee 0. 00033 


SLAG BYE SMELTING. 
Ore. 
(1) Cerussite, called dry bone. (55176.) 
Fuel. 


(1) Coke, from Connellsville, Pennsylvania. (55173.) 
(2) Charcoal, used in the lead basin of the slag eye in refining the lead. (55177.) 














; 


s 
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Final products. 
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The second series of flue dusts shows the finished white paint, col- 


lected after passing through the fire. 


This operation oxidizes the sul- 


phides to sulphates, so that the final product is a mixture of sulphates, 


carbonates, and oxides of lead and zine. 




















(1) From middle of cooling pipes. (55185.) 
- (2) From first cooling chamber. (55183.) 
4 (3) From second cooling chamber. (55184.) 
(4) From exhaust fan box. (55186.) 
(5) From first hopper, first row; good quality. (55187.) 
(6) From fifth hopper, first row; medium quality. (55188.) 
; (7) From ninth hopper, third row ; best quality. (55189. ) 
On analysis by the writer two samples yielded: 
. 55187 | 55189 
re Per cent. Per cent. 
| Sulphate of lead (PbSO,) .--.---22s-seesesece seeeee cece cence eereneaeneeeneeeees 65. 46 64.97 
) Oxide of lead (PDO) --.---.-----.2-2-2seeeee ceee ee ence cee e ten ee ences eeeneneee 25. 85 25. 89 
BERET CONIC (ZNO) eee se= sees) eee eee tee cewasssscuasemctee aeaenesessicez=lo 5.95 6. 02 
: Sesquioxide of iron and alumina ((FeAl)0;) Bea See Maer n ne ane siationesisoase erases 0. 03 0. 02 
Me (CLO) seee ceca a a sice ce ceitmas oo -- =m cceee Beane aac ccaeacces eos seceewe sacle 0. 02 0. 02 
SENG el (91 Oa) ee elas = oes oa enaelnn soa ale minenieies noted eeamshlnaaeeienanie=ecaecsssnessnonsu- 0. 08 0. 08 
RerANOTEEAO Ta Oo) ee eee ena taiaelnia ae os nis olein sleeiejemeiseiainiota= = = nisicin soimiciw’e =iolel=)=ial= 1.53 2.01 
 Sulphurous acid (SO,).----..---++.-++- BS Meeacta e ans ee ear sea eee ete se acces oe (O:045 | oeno see 
‘WEG (03 ES 8) Soneopaeecescccee aiseeimineidaiemlersiveteteraacaie aleleiteteleie eae aires bievelalsinieiainiataia 0. 69 0. 85 
i ; 99.61 49.86 
oS Byproducts. 
— (1) Slag. (55178.) 
Analyzed by the writer it showed: 
F Per cent. 
SMH OLn ager al aR eae ach ads ocauisaae secloae sis e's cee ied ale 42.10 
Memmi of leatl (PDO): -2cc16 222-2. 2-2 nance nonce POM Tel worn) apg s YS ae ote 95.37 
PTC OTO ML LOM (CO) nt ee eee. Sie os ee eee os bos sures oom Saat 7.91 
BITTE GAG Oa) NP sc Seinae meee ae a eres ne ps deems ees Sots acede toe ece ee ce gence 9.58 
Bemectrand. Copalt: (Ni and-C@))..2 2258. 025 «de cisee ec eseee eons eee tee be cee che traces 
eee Once alo AMES en CMO) ea oro eee eye cto tp eteastnne me isterasici= histaminase, sm s.cia's sn) 0. 27 
EIT ENO LAZO CLIO) eetere ave, 5S ots Sears eoh raisin o/ BS ata Sew einenlets oo Sievaels pete cheesoe 4.48 
RATER CO) Meenas ein crepe act aisle iaie oats wins eats) Halo aletate bie esis wi nslel sla aim efsie re 7.97 
Wier Mast cue (GNU OO aera 8 ements eelcist e/a lo cjestecicil eae snc e = sa aniaicls mets <= l= Sera 1, 66 
Sern CEMENTUM (GS) eee eae ah saia a naa oslo och Soicia ois sis icic ie ona ebro ace soe 0. 22 
99. 56 
(2) Basic carbonate of lead, solid deposit from the bottom of the flue. (55181.) 


On analysis by the writer it showed: 


a] Residue. 

1 Per cent. 
PMRCHE GSI 5 Ps sa ons 22: a1 Bee Foe sa sbe aeons ese ec asiceeeas Sa NSee eee 
Spt TOMm On CED SO4)).22\- ote sa a = erence oaie oe ee oeeter ee cere ners 1.05 
SEE OmEsrde, Of TOM: (i esOs)- 2 dae sare sk eee eac es ooh aee ete aeee aces 0. 80 
esceiTe TD (CANE) ee ae a a ak ee 0. 63 

BERD TOBZMION (ATIC) ater ate 8 a oe hot arte een me setee weenie ec ee eeecee 1.19 

. a - 


Per cent. 


6. 24 
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Per cent. 

Sulphate oflead(PbSO.)ik ets. sepnttoeneee = a2 sence Ga/semalec men eiacleleeeeer 74.17 
Oxide ofléad:(PUO) ysese Pere ase oe oe eas eS eee a2 sen oe ee 8. 52 
Sesquioxideiohiron:(GherOs)s s-ssctes oe Secoe Sooke ee een ese os Se en eee 0. 40 
Alumina tGAls@s ie Sa Sao ee Stara Baa Mets coeincis cee maine sels eee eee 0. 65 
Oxideof zinc \(ZNQ) .ceeocicece Saez oe crcs PO ae eee Set eee aa Sale ee Se ee ee 2. 66 
Tnimel(Ca@) esescce=o2 Mee ace eee Se nae ieee ae a ee ete eee cle eoe ee 4.45 
Maemesial@icO)) passes a= asec = hei Seve eas eine ee aera hes 0. 22 
Silicar(Soluble, Sis) ccs 24 eee oe ers = cet eee ae eke ere ee eee 1.55 
SulphuUrous acid (SO;)) 22. -accssns oa swelte meee tee tie clap er ae eee ee 0.27 
99, 13 


Accessories. 


(1) Bag, made of unwashed wool used to catch the fumes. (55190.) 
(2) Fire brick, glazed by the corrosive action of the fused lead compounds in the 
furnace. (55180.) 


THE APPLICATION OF LEAD. 


A single illustration of the application of lead is shown: 


THE MANUFACTURE OF WHITE LEAD BY THE DUTCH PROCESS. 


The metal is cast in small pieces and placed with the requisite 
amount of acetic acid in crucibles with holes in the sides. The loaded 
crucibles are then stacked up in large piles and covered with decom- 
posing organic material. The acetic acid gradually dissolves the lead 
and then the carbonic acid given off by the decomposing organic mate- 
rial replaces the acetic acid, forming a basic carbonate of lead. This 
reaction goes on until all or nearly all the metal is converted into 
white lead, when the crucibles are taken down, the white lead removed 
and ground in oil ready for use. 

This process is illustrated by a collection from the works of Harri- 
son Bros. & Co., Philadelphia, Pennsylvania, including also some 
higher oxides of lead formed from the white lead. 

(1) Buckle, ready for corrosion, (55691. ) 

(2) Acetic acid, used for corroding the lead. (55683. ) 

(3) Crucible containing buckles of metallic lead. (55690.) 

(4) Tan bark, used to cover the crucibles during the corrosion. (55684. ) 

(5) Crucible containing white lead. (55692. ) 

(6) Buckle, corroded. (55693. ) 

(7) White lead, ground in oil. (55685. ) 

(3) White lead, finished. (55686. ) 

(9) Litharge. (55687.) 

(10) Orange mineral. (55688. ) 

(11) Red lead. (55689.) 
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COPPER. 
CoprER MINERALS. 
COPPER. (MASS COPPER.) 


Composition: Cu. Copper, frequently containing a little silver, 
bismuth, and other metals. 

It crystallizes in the isometric system, in cubes, octahedrons, dodeca- 
hedrons, and the more complex forms; twin crystals are common and 
frequently distorted, producing very complicated crystal masses, often 
arborescent, with branching at sixty degrees, frequently filiform, and 
sometimes in sheets of considerable size. Its most common occurrence 
is massive. It varies in hardness from 2.5 to 3, and its specific gravity 
is 8.838. It has a full metallic luster and bright red color, can be 
highly polished, and is malleable and ductile. 

It is a very common mineral, being found over a wide extent of coun- 
try. At the Lake Superior mines it is almost the only source of copper, 
The native copper occurs here in three distinet forms : 

First, masses of free copper, amounting in some cases to many tons 
of metal in a single mass, the largest ever found being in the foot wall 
of the Minnesota Mine and weighing over four hundred tons. 

Second, amygdaloid copper, which is free copper in amygdules, 
bunches, strings, and sheets, from microscopic size up to a few hundred 
pounds in weight, with rarely a large mass, disseminated in a soft 
amygdaloid trap-rock. 

Third, conglomerate copper, which is free copper mostly in strings in 
a hard conglomerate of ferruginous quartz pebbles. 

At some localities native copper is found forming a central core, sur- 
rounded by oxydized copper minerals. In such cases, and also at the 
Lake Superior mines, it is evidently the original copper mineral, but in 
some localities it has been formed by the reduction of other copper 
minerals, and is therefore a secondary copper mineral. In the latter case 
it is never in large amounts. To illustrate the occurrence of free copper 
six specimens are shown: 

(1) Crystallized. Copper Falls Mine, Keweenaw County, Lake Superior, Michi- 
gan. (44181.) 

(2) Mass. Central Mine, Keweenaw County, Lake Superior, Michigan. (54863. ) 

(3) Amygdaloid. The copper occurs in small amygdules in the rock; also in a 
small vein with calcite and prehnite. Phenix Mine, Lake Superior, Michigan 
(5367. ) 

(4) Conglomerate. The copper occurs in small strings, mostly in the cementing. 
material of the conglomerate, and is quite evenly distributed through the whole 
mass. The conglomerate is made up of small sized pebbles of a dark red quartz por- 
phyry. Calumet and Hecla Mine, Calumet, Lake Superior, Michigan. (18718. ) 

(5) In euprite and malachite, which have been derived from the oxidation of the 
metallic copper. Copper Mountain, Arizona. (33386. ) 

(6) Crystallized, in decomposed siliceous material. The copper has been derived 
from other minerals, and is secondary. Copper Queen Mine, Bisbee, Cochise 
County, Arizona. (56041.) 
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Many other illustrations of the Lake Superior copper will be found 
in the ore series. 
CHALCOPYRITE. (COPPER PYRITE.) 


Composition: CuFeS,. Sulphide of copper and iron, containing 
copper 34.6 per cent., iron 30.5 per cent., and sulphur 34.9 per cent. 

It crystallizes in the tetragonal System, showing especially octahe- 
dral forms, but crystals are not common. Its most generai occurrence 
is massive. It varies in hardness from 3.5 to 4, and in specific gravity 
from 4.1 to 4.3. It has a brass-yellow color and full metallic luster, 
but is inclined to tarnish and sometimes becomes iridescent. 

Chalcopyrite is by far the most common and abundant copper min- 
eral, being in a large majority of cases the chief product of a mine and 
in many instances the only copper mineral found below water level. It 
is therefore regarded by many as being the original source of nearly 
all the copper. It furnishes by far the greater part of the copper 
produced. It is always associated with iron pyrite, and in many cases 
so intimately that it is impossible to Separate the two minerals; in 
such cases the color becomes paler with the decrease of the amount 
of copper present, until it closely approaches the color of iron pyrite. 
On exposure to air and moisture it is oxydized to sulphates, which may 
be removed by solution in water, or may undergo further alteration to 
the various oxydized copper minerals. It also occurs altered to other 
sulphides of copper, or copper and iron, especially above the water 
level. To illustrate the occurrence of chalcopyrite three spciemens are 
shown: 

(1) Crystallized, a mass of skeleton crystals showing the general octahedral habit, 
on solid chalcopyrite. French Creek, Chester County, Pennsylvania. (65144, ) 

(2) Massive, showing the characteristic yellow color, somewhat darkened by tar- 
nish. Mineral Hill Mine, Carroll County, Maryland. (17303.) 


(3) With quartz, shows the characteristic iridescent tarnish. Cornwall Mine, Ste. 
Genevieve, Missouri. (66429. ) 


BORNITE. (ERUBESCITE, PURPLE OR HORSE-FLESH COPPER ORE.) - 


Composition: Fe Cu,Ss. Sulphide of copper and iron, containing 
copper 55.58 per cent., iron 16.36 per cent., and sulphur 28.06 per cent. 
The relationship between the copper and iron varies, and sometimes 
there is an excessive amount of sulphur. 

It crystallizes in the isometric system, but crystals are rare. It gen- 
erally occurs massive and disseminated. Its hardness is 3 and specific 
gravity 4.4 to 5.5. The color is reddish-brown, but it soon tarnishes on 
exposure to air and light and is frequently coated on the outside with 
carbonate of copper. The luster is bright metallic. 

Bornite is a valuable ore of copper and is frequently found with the 
ether sulphides of copper. In certain levels it is the chief product 
of some mines. The following specimen illustrates the occurence of 
bornite. 


(1) Showing the characteristic tarnish. Gagnon Mine, Butte, Silver Bow County, 
Montana. (66431.) 
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CHALCOCITE. (VITREOUS COPPER, SULPHURET OF COPPER, COPPER 
GLANCE.) = 


Composition: Cus. Subsulphide of copper, containing copper 79.8 
per cent. and sulphur 20.2 per cent. It crystallizes in the orthorhombic 
system, showing especially the basal, unit prism, unit and several other 
octahedrons, brachy pinacoid, and several brachy dome planes; twinning 
iscommon. The erystals are quite complex. They are, however, some- 
what rare. Its most common occurrence is massive. It varies in hard- 
ness from 2.5 to 3 and in specific gravity from 5.5 te 5.8, has a lead- 
gray color, and full metallic luster. 

Chaleocite is a very valuable ore of copper and has supplied large 
amounts of the metal. It generally occurs in the upper portions of a 
mine, and in Tennessee and Montana large masses of very pure material 
have been found. It is very rich in metal, which is easily extracted. 
Chaleocite is generally the result of the decomposition of the other sul- 
phides of copper, and is intimately associated with them. To illustrate 
the occurrence of chalcocite three specimens are shown: 

(1) Crystallized. Bristol, Hartford County, Connecticut. (65145. ) 


(2) Crystalline, massive ; showing decomposition. New Mexico. (30140.) 
(3) Massive. Anaconda Mine, Butte, Silver Bow County, Montana. (56493. ) 


CUPRITE. (RED OR RUBY COPPER ORE.) 


Composition: Cu,O. Suboxide of copper, containing copper 88.8 
per cent. and oxygen 11.2 per cent. It crystallizes in the isometric 
system, especially in cubes and octahedrons, and compounds of these; 
also in other complicated forms. Cubes are sometimes elongated into 
hair-like forms. It also occurs massive, and, when impure, earthy. It 
varies in hardness from 3.5 to 4, and in specific gravity from 5.85 to 6.15. 
The color is red of various shades and the luster is adamantine. 

Cuprite is a valuable source of copper, since, besides its high content 
of metal, it is very easily reduced. It is, however, never found alone in 
sufficient amounts to constitute an ore, but is always associated with 
other copper minerals. It is easily affected by decomposing influences, 
and may be either reduced to the metal or it may be changed to the 
higher oxide, the carbonate, or silicate. To illustrate the occurrence 
of cuprite two specimens are shown: 

(1) Crystallized in octahedrons, on limonite. Copper Queen Mine, Bisbee, Cochise 


Couuty, Arizona. (56046.) 
(2) Massive, showing decomposition to carbonate and silicate. Longfellow Mine, 


Clifton district, Arizona. (33373.) 
CHRYSOCOLLA.~ (SILICATE OF COPPER.) 

Composition very variable, as it generally contains an excess of silica, 
besides other impurities. Itcontains from 22 to 36 per cent. of copper. 
Oceurs mostly as an incrustation or filling seams, looking very much 
like an enamel. 
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It varies in hardness from 2 to 4 and in specifie gravity from 2 to 
2.238. The color is pale blue, sometimes dark, and even black, from 
impurities. In many eases it has a clay-like appearance. 

Chrysocolla occurs in many copper mines, but generally in small 
amounts, especially in the upper portions that have been subjected to 
decomposing influences. To illustrate the occurrence of chrysocolla 
two specimens are shown: 

(1) Botryoidal form. Cornwall Iron Mine, Lebanon County, Pennsylvania. 
(10599. ) : 

(2) Light colored and containing an excess of silica, filling seams, and showing the 


characteristic enamel-like appearance. Memphis Mine, Organ District, Dota Aftia 
County, New Mexico. (57259, ) 


MALACHITE. (GREEN CARBONATE OF COPPER.) 


Composition: CuCO;4+CuH,0,. Hydrated basic carbonate of copper, 
containing copper oxide 71.9 per cent. (copper 57.41 per cent.), carbon 
dioxide, 19.9 per cent., and water, 8.2 per cent. 

It crystallizes in the monoclinic system, but crystals are rare. Its 
most Common occurrence is in the form of incrustations, showing vari- 
ous tuberose, botryoidal, and stalactitic formations on the outside, while 
the interior is generally fibrous, and often beautifully so. The inerus- 
tation often takes place in layers. It also occurs granular and earthy 
from impurities. It varies in hardness from 3.5 to 4 and in specific 
gravity from 3.7 to 4.01. It has a bright-green color, while the luster 
varies from adamantine in the crystals to silky in the radiated forms 
and to dull and earthy in many cases. The massive specimens are fre- 
quently polished and used for ornamental burposes, but for this use 
its softness is a great disadvantage. 

Malachite is a very important copper mineral and has yielded much 
metal, although it is seldom found alone in large amounts, being gener- 
ally accompanied by other copper minerals. It is frequently the result 
of the decomposition of other minerals, and is found most abundantly 
at and near the surface ; in fact, wherever there has been any copper 
mineral exposed to decomposing influences the surrounding rocks are 
sure to be stained with malachite, so that, while malachite is found at 
every copper mine, its presence is not a sure indication of the presence of 
copperin large amounts. Toillustrate the occurrence of malachite three 
Specimens are shown: 

(1) Characteristic coating, showing the botryoidal surface and the radiated interior. 
Copper Queen Mine, Bisbee, Cochise County, Arizona. (56064. ) 

(2) Showing isolated incrustations. Eagle Mine, Loudoun County, Virginia 
(40366. ) 

(3) Massive. Yankee Mine, Graham County, Arizona. (33383. ) 


AZURITE. (BLUE CARBONATE OF COPPER.) 


Composition: 2CuCO,+CuH,0,, Hydrated basie carbonate of copper, 
containing copper oxide 69.2 per cent. (copper 55.36 per cent.), carbon 


dioxide 25.6 per cent., aud water 5.2 per cent. 
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It erystallizes in the monoclinic system, showing especially the basal 
prism and both octahedral planes; twin crystals are common and the 
groups of crystals are very beautiful. It also occurs in columnar forms 
and massive. It varies in hardness from 3.5 to 4.25 and in specific 
gravity from 3.5 to 3.83. The color is bright blue of several shades and 
the luster vitrevus, while it is transparent to subtranslucent. 

Azurite occurs over a very wide extent of country and is frequently 
associated with malachite and other copper minerals, but it seldom oc- 
cursin large amounts. In Arizonaand New Mexico, however, it is very 
abundant. ‘To illustrate the occurrence of azurite two specimens are 
shown: 

(1) Crystallized, a complicated group of erystals on massive azurite. Copper Queen 
Mine, Bisbee, Cochise County, Arizona. (56054.) 

(2) Crystallized, twin crystals on ferruginous quartz. Longfellow Mine, Clifton 
district, Arizona. (38382. ) 


COPPER ORES. 


The ores of copper may be divided into three classes: Metallic, ox1- 
dized, and sulphide ores. 

The first contain copper in the metallic form and are treated by a pro- 
cess peculiar to themselves. They are well illustrated in the collections 
from the Lake Superior copper region. 

The second and third classes graduate into each other and many 
mines produce both characters of ores at different levels. Occasionally, 
however, a mine will produce only sulphide ores, and many of the Ari- 
zona and New Mexico mines have produced only oxidized ores. The 
treatment of the two kinds of ores for the production of the metal is 
essentially the same, except that the oxidized ores do not have to be 
treated for the removal of sulphur. These varieties are illustrated in 
the collections from the various smelting works. 


LAKE SUPERIOR COPPER REGION. 


This region occupies a peninsula jutting into Lake Superior, and 
embraces Keweenaw, Houghton, and Ontonagon Counties, of the State 
of Michigan. Copper was mined here by the aborigines, and various 
traces of their work yet remain; but it was not until after 1840 that 
white men were enabled toexplore theregion carefully, and it wasa num- 
ber of years more before any active mining operations were undertaken. 

The discovery of large masses of pure copper (which was very fre- 
quent in the early days) attracted a great deal of attention, and the 
first attempts at mining were devoted almost altogether to this mate- 
rial. It was found, however, that the difficulty of getting out these 
large masses and getting them transported to manufacturing centers 
was very great, and as a result the early mining was generally unprofit- 
able. These large masses sometimes contained many tons of metal, 
and in order to take them out of the mine it is necessary to divide 
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them into suitable pieces so that they can be removed. Many arrange- 
ments have been tried for this purpose, but the only one that has been 
at all successful is to cut the masses up by means of chisels and ham- 
mers. This isa long, laborious, and expensive Operation. 

At first these masses absorbed entire attention, and no attempts what- 
ever were made to utilize the copper that was found disseminated in 
small amounts in so much of the rock of the country; but after the dis- 
appointments of mining the masses more and more attention was 
given these disseminated ores, and methods for the extraction of copper 
were developed until they were made very profitable. These ores con- 
tained copper in nodules, bunches, strings, and sheets, from micro- 
scopic size up, and the fact that the percentage in the average rock is 
small is compensated for by treating very large amounts of the mate- 
rial. When the average percentage is about | in the soft amygdaloid 
ores 175,000 to 200,000 tons of rock are treated annually from single 
mines. The harder and conglomerate ores, like the Calumet and Heela, 
yield a higher per centage of copper, but the cost of treatment is greater. 

The general plan of treatment is the same at all of the mines. After 
the ore is taken from the mine a small amount of barren material is gen- 
erally selected by hand and rejected. The ore is then crushed to a 
suitable degree of fineness and the copper separated from the rock by 
jigging, which is simply keeping the material agitated in a stream of 

water so that the heavy copper will settle out, while the lighter rock 
material will float away. 

For convenience the mines are divided into three classes, according 
to the three characteristic occurrences of the metal. 

First. The so-called mass mines, which are characterized by the occur- 
rence of large masses of free copper, amounting in some Gases to many 
tons of metal in a single mass. Besides these large masses these mines 
also carry considerable disseminated free copper, generally in a true 
vein. 

Second. The amygdaloid mines, which are characterized by the occur- 
rence of the free copper in amygdules, bunches, strings, and sheets 
from the size of a pin point up to a few hundred pounds in weight (with 
rarely a large mass) disseminated in a soft amygdaloid trap rock. The 
average percentage of copper in the ores from these mines varies from 
three-quarters of 1 to 2 per cent. 

Third. The conglomerate mines, which are characterized by the occur- 
rence cf free copper, mostly in strings,in a hard conglomerate of ferru- 
ginous quartz pebbles. The average pereanea an e of copper in the ores 
from these mines varies from 4 to 6 per cent. 

The occurrence and mining of free copper in the Lake Superior region 
is very fully illustrated. A representative mine of each of the three 
varieties was selected and collections taken from each. The collections 
are designed to show fully the occurrence of the copper together with 
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its associates, and includes several sections of the mines to represent 
the changes of the material in going up and down and also across the 
formation. To these mine collections are added full illustrations of 
the dressing operations and some illustrations of the smelting opera- 
tions. 

THE CENTRAL MINE. 

The Central Mine was selected to illustrate the group of mass mines, 
as it is one of the oldest as well as one of the most successful of these 
mines. It was opened in 1854, and the first year of operation produced 
over 67 tons of refined copper, and from that time on it has been regu- 
larly productive and profitable. It is located on the southern slope of 
the greenstone range, 5 miles from HKagle Harbor, on Lake Superior, 
from which the copper is shipped by boat. 

The vein, like many other veins of this region, varies greatly in thick- 
ness, being at times 5 to 6 feet wide, and in others dwindling down to 
afew inches. Its general direction is north and south, and its general 
dip towards the east. The dip, however, is small and varies, sometimes 
being vertical, and sometimes even being towards the west. The filling 
of the vein is quite complex, and varies greatly, the principal minerals 
being calcite, quartz, epidote, and various zeolites. While the copper 
is principally found in masses, yet a considerable amount of dissemi- 
nated copper is also extracted. The vein is most productive when dip- 
ping towards the east, and is much poorer when dipping towards the 
west or vertical. In some cases the copper is not confined to the vein 
itself, but extends into the walls. The vein has cut through three 
beds of conglomerate, and a large number of awygdaloid beds, most of 
which contain some copper, but only one conglomerate has been worked 
to any extent. The mine is opened by four vertical shafts, and a series 
of cross-cuts to the vein. 

Whenever a mass of copper is discovered in the mine it is laid bare 
over its whole extent on the under side, and it is then undermined suf- 
ficiently to allow it to be blown down by a blast behind it. After the 
mass has been detached from the wall the rock material is removed by 
sledges, and when necessary by blasting. When there is a considerable 
amount of rock material scattered through the copper it is sometimes 
possible to break up the mass by blasting with dynamite, but the solid 
masses of copper must be cut up. The cutting tool consists of a bar of 
steel 2 inches wide and one-half inch thick, and of varying length, 
according to the depth of channel to be cut. The point is drawn down 
accross the width and flared a trifle beyond the thickness in order to 
give clearance. This tool is held by one workman while another strikes 
it with a six-pound sledge. In this way a thin chip of copper is cut 
and the channel is deepened by successive cuts until a piece is sepa- 
rated from the mass. Great skillis required to do this cutting properly, 
and at the very best the progress is very slow. After a piece has been 
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separated it is mounted on a specially constructed truck and carried to 
the shaft, where it is hoisted by special machinery. 

After the masses reach the surface, about 75 tons of them are placed 
upon a pile of wood containing about 10 cords, and the wood fired. In 
this way the rock that adheres to the copper is loosened, so that it can 
be easily removed. After this cleaning they are shipped to the refin- 
eries to be melted and converted into ingots. 

Besides the ordinary ore of the vein, which consists of the vein mat- 
ter with disseminated copper, the third con glomerate, cut by No. 4 
shaft, has been mined to a small extent. The extraction of copper from 
this character of material will be fully described under the Osceola 
Mine and Mill. 

The collection from this mine was taken by Mr. E. L. Zukoski, E. M., 
July, 1884, and shows a series of the mass copper, a series of the stamp 
copper, a series of the conglomerate ores, and a series illustrating the 
structure of the vein. 

To illustrate the mass copper nine specimens are shown: 

(1) Large mass, showing a surface that has been cut. (54871. ) 

(2) Two strips, obtained in cutting up the large masses. (54569. ) 

(3) Small mass, showing some rough crystals and some silicate of copper. (54870.) 

(4) Small mass, showing rough crystals with roughened surfaces and considerable 
adhering vein matter. (54865. ) 

(5) Small mass, a thick sheet showing some branching. (54864. ) 

(6) Small mass, showing a few rough crystals and considerable adhering vein mat- 


ter. (54862. ) 

(7) Small mass, a string, showing rough crystals with blackened surfaces. (54868. ) 

(8) Small mass, consisting of branching copper with a large amount of dissem- 
inated vein matter, representing the masses that can be blasted with dynamite. 
(54866. ) 

(9) Small mass, similar to the above, from which most of the vein matter has been 
removed, showing the branching of the copper. (54867.) 


To represent the vein carrying disseminated free copper, six speci- 
mens are shown : 
(1) Vein rock, mostly calcite, carrying a large amount of free copper. (54849. ) 


(2) Vein rock, mostly calcite, carrying much free copper, and stained by salts of 


copper. (54860. ) 
(3) Vein rock, a mixture of calcite and epidote, carrying much free copper. (54847. ) 
(4) Vein rock, a mixture of calcite and epidote, carrying only a little copper. 


(54850. ) 

(5) Vein rock, a mixture of calcite and epidote, stained by salts of copper. (54848. ) 

(6) Vein rock, mostly epidote, with some zeolites, carrying considerable free cop- 
per. (54852.) 

The third conglomerate cut by the fourth shaft, differs somewhat 
from the other conglomerates of the region, in that it contains a large 
amountof epidote rock pebbles in the ordinary ferruginous quartz por- 
phyry conglomerate, the epidote carrying most of the copper. This ore 
is taken out of the mine through an incline shaft running off from No. 
4 shaft at the twentieth level. The incline has been run about 600 feet, 
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but only a small portion of this distance was sufficiently rich to be 
mined. To illustrate this conglomerate six specimens are shown: 

(1) Trap rock, found in patches overlying the conglomerate. (54841. ) 

(2) Conglomerate, carrying a little free copper, 200 feet down incline shaft. 
(54854. ) 

(3) Conglomerate, carrying a little free copper somewhat oxidized, 200 feet down 
incline shaft. (54855. ) 

(4) Red conglomerate, carrying a little free copper. (54846.) 

(5) Epidote rock, carrying considerable free copper, somewhat oxidized on the sur- 
face. (54845.) 

(6) Epidote rock, barren. (54853.) 

To represent the vein at different depths and also cross-sections of 
the vein, the following specimens are shown. From No. 2 shaft: 

(1) Vein rock, consisting essentially of quartz and epidote, carrying some free 
copper. Represents the vein along the hanging wall at the 22d level, south of the 
shaft. (54856. ) 

(2) Vein rock, barren, represents the vein for about 100 feet on the 22d level south 
of the shaft. (54857. ) 

(3) Trap rock, from hanging wall at 24th level, south of shaft. (54842.) 

(4) Trap rock, from bottom of the shaft, 60 feet below 24th level. (54861.) 

From No. 4 shaft: 


(1) Trap rock, from hanging wall at 25th level. (54340.) 

(2) Parting between the hanging wall and vein at 25th level. (54839.) 

(3) Vein rock, consisting essentially of epidote and quartz with some calcite car- 
rying a little free copper. Vein 20 inches wide. From 25th level. (54838.) 

(4) Trap rock, from foot wall at 25th level. (54841.) 

(5) Vein rock, consisting essentially of epidote and quartz with considerable free 
copper. From 24th level south of shaft. (54843.) 
- (6) Trap rock, from hanging wall at south end of 24th level. (5485x.) 


THE OSCEOLA MINE. 


The Osceola mine was selected to illustrate the amygdaloid mines. 
It is situated in Houghton County, Michigan,and work was commenced 
upon it in 1873, The first work done was upon the conglomerate bed, 
worked by the Calumet and Hecla Company on an adjoining lot, but 
the bed was found to be poorer than in the Calumet and Hecla ground, 
and was soon abandoned as unprofitable. In 1877 work was com- 
menced upon an amygdaloid bed 750 feet southeast of the conglom- 
erate, which had been found to be copper bearing, and has been con- 
tinued until it has been developed into a very successful mine. 

The mine is not upon a true vein, but is simply upon the cupriferous 
portion of one of the members of the regular rock series. The outline 
of the deposit is very irregular, the original surface of the rock was 
wavy and uncertain, and that portion of the rock nearest the surface 
being open and porous, was much more favorable for the deposit of cop- 
per. The depth to which sufficient copper to pay for working was 
deposited varies greatly, while occasionally the copper penetrates the 
overhanging rock or hanging wall. These conditions of deposition 
give undulating surfaces to both sides of the deposit, and while the bed 
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of rock is about 50 feet thick the copper-bearing portions are from 10 
to 15 feet thick. 

In going across the formation we find first a dark gray, fine-grained 
trap cock, having an irregular jointage in four directions. Near the 
vein these joints are ‘filled with brilliant sheets of copper, and this is 
especially so where the vein is barren. Next to this comes a variable 
layer, 5 to 25 feet thick, of open porous amygdaloid, the amygdules and 
cracks being filled by calcite, lanmontite, epidote, prehnite, and various 
zeolitic minerals, together with metallic copper, the most abundant 
mineral being calcite. Beyond this layer the rock gradually changes 
to a close-grained compact trap, with only an occasional amygdule. 
Small masses are occasionally found, but they seldom exceed 100 pounds 
in weight. Silver often occurs on and with the copper, occasionally 
beautifully crystallized. 

The mine is opened by four shafts that have developed it to a depth 
of 1,350 feet on the dip, and for a distance of 2,750 feet along its strike. 
The shafts follow the general dip of the bed, but owing to the irregu- 
larities they will sometimes be above, sometimes in, and sometimes 
below the bed, but never depart very far from it. Not only is the bed 
irregular, but the distribution of the copper within the bed is also irregu- 
lar, so that a great deal of care and judgment is necessary in planning 
the work of the mine so as to keep up a continual supply of good ore, 
and to keep the development work ahead to provide for the future. 

In the distance of 1,350 feet on the dip fourteen levels have been 
run off to open up and work the mine. These levels follow along the 
irregular contact of the amygdaloid and the hanging wall. Whenever 
a promising piece of ground is struck a stope is started, which is car- 
ried upwards as long as paying ore is found. If no promising ground is 
struck in running the levels, then winzes or risers 5 feet square are 
run up into the rock in order to search for the ore. 

The location of these winzes is a very important matter, and every 
point in any way likely to give any indication of the presence and posi- 
tion of an ore body must be carefully studied. In some cases the first 
investigation would seem to indicate that a given block of ground was 
barren, but the subsequent working out of surrounding blocks has 
given new indications to work by in the barren ground, and it is again 
attacked, and generally successfully, although occasionally three and 
four attacks have been made on the same block before ore was found. 

As much as possible of the drilling in the mine is done by machine 
drills, hand drilling being confined to exploratory work, and the work- 
ing out of small bodies of ore. Nitroglycerin is used almost entirely 
as an explosive. As the rock is broken out at the working face it 
travels down the stope to the level, where it is loaded on to tram cars 
and hauled to the shaft; it is then hoisted through the shaft to the 
rock house in a skip. Nearly all the rock broken out is hoisted to the 
surface, and while the stopes are confined as much as possible to the 
copper bearing rock, yet considerable barren material has to be hoisted, 
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This is sorted out in the rock house, about 16 per cent. of the material 
hoisted being sent to the dump. 

The mine skip dumps its load onto a screen of parallel bars set 4 
inches apart, and most of the material passes over this screen, and falls 
outo the main floor. Here the material is sorted, and then crushed in 
Blake crushers, and the barren material rejected. Large pieces, how- 
ever, have to be broken before being fed to the crushers. The material 
falling through the 4-inch screen, aud also that from the first set ‘of 
crushers, passes over a 2-inch screen. What passes over this screen 
is again sorted, and then crushed small enough for the stamp mill. 
What goes through the 2-inch screen is sent directly to the stamps. 

The stamp mill is 11 miles from the mine, and the crushed ore is 
taken to it over a narrow-gauge railroad in cars holding about 124 tons. 
In the rock house assorting the small masses are picked out, cleaned 
as much as possible, and then packed in barrels, and sent direct to the 
smelting works. This material is known as barrel work, while the 
material sent to the stamp mill is called stamp work. 

To illustrate the general character of the deposit the following spee- 
imens are shown: 

(1) A single specimen illustrating surface copper or ‘ float.” A small mass of cop- 
per completely coated by oxidation products. (54270.) 

(2) Free copper, in rough crystals. (54281.) 

(3) Free copper, small characteristic mass. (54325.) 

(4) Free copper, heavy leaf. (54324.) 

(5) Free copper, coarsely arborescent, commonly called “ horn copper.” (54326.) 

(6) A very characteristic sample of the ore, showing the amygdaloids of calcite, 
and considerable free copper. (54316.) 

(7) A very characteristic sample of the ore, showing the calcite deposited on the 
copper in the amygdules. Taken from the hanging wall. (54313. ) 

To illustrate the association of free silver with free copper three 
specimens are shown: 

(1) Free silver and free copper together, both roughly crystallized. (54283.) 

(2) Free silver in calcite, separate from the copper. (54297. ) 

(3) Free silver and free copper, separate, both crystallized; associated with prehn- 
ite and quartz. A characteristic sample of material found in rich copper chutes, 
generally carrying silver. (54296.) 

Owing to the uncertainty in the lower limit of the deposit, it is some- 
times impossible to tell where the barren vein rock ends and the foot 
wall begins, and for this reason, in the sections, the foot wall has been 
omitted, except where it is quite distinct from the barren vein rock. 

To illustrate the bed at No. 1 shaft, the following specimens are 
shown. A full section of the bed at the end of the second level, 300 
feet north of the shaft in a stope 80 feet high, shows— 

(1) Trap rock, from the hanging wall. (54275.) 

(2) Trap, 12 feet from the hanging wall, apparently a horse.  (54280.) 

(3) Ore, 15 feet from hanging wall; amygdaloid rock with free copper. A charac- 
teristic specimen. (54279.) 

(4) Poor vein rock, from foot wall 20 feet from hanging wall; amygdaloid, con- 
taining a little free copper. (54274.) 
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The following specimens are from the sixth level, 350 feet north of 
the shaft: 

(1) Selected sample, from a rich chute 12 feet wide; amygdaloid rock, with much 
calcite and copper. (54306.) 

(2) Barren rock, amygdaloid, showing some calcite. (54304. ) 

The two following samples are from the tenth level, 300 feet north of 
the shaft, in a stope 40 feet high. 

(1) Trap rock, showing a few flakes of copper. ( 54293.) 

(2) Ore, amygdaloid with a little free copper, taken just beyond a rich chute. 
(54259. ) 

From the eleventh level south of the shaft, from a stope 40 feet 
high: 

(1) Ore, from 8-foot vein, amygdaloid with free copper and one small branching 
mass; average sample. (54262. ) 

(2) Barren vein rock, amygdaloid. (54319.) 

From the twelfth level, 300 feet north of the shaft, in a stope 80 feet 
high: 

(1) Ore, from 8-foot vein, which lies horizontal for about 12 feet; amygdaloid with 
considerable free copper. Rich ore. (54261.) 

(2) Barren vein rock, amygdaloid. (54260. ) 

To illustrate the bed at No. 2 shaft, from the south stope of the 
second level: 

(1) Trap rock. (54312.) 

(2) Ore, amygdaloid with some copper and considerable calcite. (54263.) 

(3) Barren vein rock, containing considerable calcite. (54305, ) 

At the fifth level, 30 feet north of the shaft, in a stope 40 feet high, the 
copper occurs in streaks, accompanied by calcite and laumontite, with 
rich patches of epidote rock ; illustrated by the following specimens: 

(1) Trap rock. (54276.) 

(2) Ore, amygdaloid and free copper. (54264.) 

(3) Ore, epidote rock, containing much free copper. (54311.) 

(4) Barren vein rock, characteristic. (54309. ) 

At seventh level south of the shaft, in a high stope, the vein is 10 feet 
wide and illustrated by two specimens: 

(1) Ore, amygdaloid; characteristic sample, showing the calcite amygdule and 
free copper. (54318.) 

(2) Barren vein rock. (54265.) 

At the ninth level, 100 feet north of the shaft, the vein is 25 feet wide 
and illustrated by the following specimens : 

(1) Ore, amygdaloid; characteristic sample, showing calcite deposited on the free 
copper inamygdules. (54301.) : 

(2) Foot wall, slightly amygdaloidal. (54266. ) 

At the twelfth level, in north stope, 50 feet high, where the vein is 10 
feet wide, there is a chute 12 feet wide, especially rich, next to the hang- 
ing wall, illustrated by the following specimens : 

(1) Ore, selected specimen, showing much free copper. (54315.) 


(2) Foot wall, showing many small amygdules filled with reddish laumontite. 
(©4310. ) 
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From the fourteenth level, 100 feet in the south drift: 

(1) Trap. (54267.) 

(2) Barren amygdaloid. (54303.) 

From the first level, 50 feet south of No. 3 shaft: 

(1) Trap rock, showing sheet copper at the contact between the two beds. 
(54308. ) 

(2) Foot wall, containing many small amygdules, some of them filled with reddish 
laumontite. (54298. ) 

From the eleventh level south of the shaft aspecimen is shown which 
is apparently a conglomerate of amygdaloid rock. (54269.) 

From the twelfth level, 400 feet north of the shaft, in a stope 50 feet 
high, where the vein is 8 feet wide: 

(1) Trap, adjoining the hanging wall. (54254.) 

(2) Barren vein rock, showing small amygdules of calcite. (54255.) 

From the twelfth level, north of the shaft, three samples of crystal- 
lized copper are shown. (54289.) 

From the thirteenth level, at the north end of the drift, where the 
vein is 8 feet wide, and where there is a chute 15 feet broad : 


(1) Rich epidote rock, containing much free copper. (54256.) 
(2) Barren vein rock, 7 feet from hanging wall. (54257.) ~ 


From the bottom of the shaft at the fourteenth level, directly on the 
contact: 

(1) Trap rock. (54258.) 

(2) Ore, amygdaloid containing much free copper. (54307.) 

From the fourth shaft, second level, 100 feet south of shaft: 


(1) Trap, slightly amygdaloidal, from hanging wall. (54320.) 
(2) Ore, amygdaloid with free copper. (54302.) 


From the fifth level south stope: 


(1) Free copper, in sheets, taken from the contact between the bed and hanging 
wall. (54291.) 

(2) Ore, amygdaloid, with free copper in small amygdules, and also in sheets ; sam- 
ple taken next to the hanging wall. (54282. ) 

(3) Ore, amygdaloid with free copper ; characteristic sample. (54249.) 

(4) Barren vein rock, trap with small amygdules. (54272.) 

From the seventh level at the end of the drift, 650 feet south from 
the shaft : 

(1) Trap rock. (54250.) 

(2) Barren vein rock, amygdaloid with amygdules filled with caleite and reddish 
laumontite. (54277. ) 

From the ninth level, 50 feet south of shaft: 

(1) Trap rock. (54251.) 

(2) Parting from contact. (54294.) 

(3) Ore, epidote rock with much free copper, 5 feet from hanging wall. (54314.) 

From the tenth level, 300 feet from the shaft : 

(1) Barren vein rock, amygdaloid with small-sized amygdules filled with calcite. 
Characteristic sample of a 250-foot streak of hard ground without copper, taken 2 
feet from hanging wall. (54253.) 
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(2) Vein rock, amygdaloid with medium-sized amygdules, mostly filled with cal- 
cite, but containing a few streaks of copper. Characteristic sample of promising 
rock taken 4 feet from hanging wall. (54285. ) 


From 60 feet below the tenth level, where the shaft is under the vein: 

Characteristic sample of the foot wall taken 20 feet from the hanging wall. 
(54252. ) 

In prospecting from the conglomerate into the overlying trap, a 
series of apparently isolated irregular bodies of cupriferous amygda- 
loids were discovered, and this series has been called the West vein. 
To illustrate this vein the following specimens are shown: — 

(1) Trap, containing a few good sized amygdules filled with a dark-green min- 
eral. Represents the hanging wall of the conglomerate. (54288. ) 

(2) Amygdaloid, 12 feet in the cross-cut. (54286.) 

(3) Trap rock, 20 feet in the cross-cut. (54284.) 

(4) Amygdaloid, 70 feet in the cross-cut. (54271.) 

(5) Amygdaloid, 100 feet in the cross-cut. (54292. ) 

(6) Trap, 100 feet in the cross-cut, showing some thin flakes of copper. (54287.) 

(7) Barren amygdaloid, 120 feet in the cross-cut. (54317.) 

(8) Ore, amygdaloid containing considerable branching copper, 120 feet in the 
cross-cut. (54299.) 


(9) Two characteristic samples of the West vein ore taken from the rock house. 
(54290 and 54295.) 


THE SEPARATION OF THE COPPER FROM THE ROCK. 


After passing the finai screen at the rock house, the ore is delivered 
- to the stamp mill for further treatment. As delivered to the mill, the 
ore contains copper in very small masses, threads, sheets, and amyg- 
dules, from microscopic size up. 

The object of the treatment in the stamp mill is, first, to crush the 
ore so as to liberate the copper from the inclosing rock material, and then 
to separate the copper from the rock by jigging in running water. The 
fineness of the crushing is governed by the fineness of the copper, and 
in general the finer the crushing the more perfectly is the copper liber- 
ated from the rock; on the other hand, the fine crushing tends to flatten 
the coarser copper into thin sheets, which are very difficult to catch on 
the jigs, so that the crushing is never carried far enough to liberate all 
of the copper. 

Particles of rock containing copper are always found on top of the bed 
of the coarse copper on the sieves, since they are too heavy to be carried 
away by the currentof water, and yet not heavy enough to settle well, 
and too large to pass through the sieve. This material is removed sep- 
arately, and is called “ragging.” Itis sometimes returned to the stamps, 
and is sometimes treated in special apparatus. 

The crushing takes place in large stamps, which are constructed so 
as to deliver a blow by the expansion of steam on the same general 
principle as asteam hammer; but this application has somewhat altered 
the construction, and it has been so improved that a single stamp will 
erush about 200 tous of rock in 24 hours so as to pass a screen with 
holes three-sixteenths of an inch in diameter, placed in the front and 
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sides of the mortar, the exit of the crushed material being aided by a 
stream of water. There willalways be some copper in the ore too large 
to pass the sereen, and every 8 hours the stamp is stopped and the cop- 
per is taken out of the mortar. It is known as ‘“ mortar heads.” 

It has not been found practical to size the crushed ore by the ordi- 
nary means, and it is only partially accomplished by hydraulic separa- 
tors, which are simply long double Y shaped troughs in which the ore 
falls against an ascending current of water. At suitable distances 
there are holes in the bottom of the inner trough allowing the particles 
of ore that have settled at different distances in the trough to pass into 
compartments in the space between the two troughs from whence it is 
drawn to feed the jigs. The first compartment will contain the coarsest 
and heaviest of the crushed material, and the second compartment the 
next coarsest and heaviest, andsoon. The rock being quite regular in 
its shape each compartment will contain grains of about equal size, but 
the copper, being very irregular in size and shape, varying from spheri- 
eal or cubical to very flat and thin, will vary much in the size of the 
grains inany one compartment. The settlings from each compartment 
are delivered to its own set of jigs by a stream of water. 

The jigs mostly used are known as Collom plunger jigs from the fact 
that the material on the sieve is kept agitated by a plunger which is 
alternately forced rapidly down by a rocker striking the end of the pis- 
ton and is slowly raised by a spring. These jigs yield four classes of 
produets. First, ragging, particles of rock containing a little copper; 
second, heads, nearly pure copper; third, hutchwork, a mixture of cop- 
per and rock material that has passed through the bed of heads on the 
sieve; fourth, tails. 

The ragging is either returned to the stamps or else treated in special 
apparatus. The coarse heads are sent to the smelting works, but the 
finer heads contain considerable rock material and are treated in keeves 
and buddles. The hutchwork is sent to jigs with finer sieves, the coarse 
tails are rejigged and the final tails dumped into the lake, while the 
finer tails are treated in the tail house. 

The slimes that do not settle in the hydraulic separator go to settling 
boxes, and the settlings from these go through a complicated treatment 
on slime tables and in keeves and buddles, the final products being 
finely divided copper containing considerable foreign matter. 

The Osceola stamp mill.—This mill is situated on the north shore of 
Portage Lake, affording the necessary supply of water, and a conven- 
ient dumping ground for refuse material. It is provided with four Ball 
steam stamps, fifty-four Collom jigs, five Evans slime tables, together 
with all the necessary adjuncts for carrying on the work successfully. 
The jig floor is divided into three divisions, each containing a stamp 
and set of washing apparatus. The fourth stamp is held in reserve, 
and is arranged to deliver the stamped rock to either one of the three 
divisions, Each division contains three hydraulic separators, each one 
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Fig. 6. 
One division of the Osceola Stamp Mill. 









of which supplies two rows of rough- 


ing jigs. There are also three rows 
of finishing jigs, together with the 
necessary settling boxes. One of 
these divisions of the mill is illus- 
trated in detail by figure 6. 

The crushed ore from the stamp A 
is delivered, by the launder C to the 
three separators B, which divide it 
roughly into four classes, while the 
slimes pass on to the settling boxes. 
During the jigging on the head ma- 
chines the copper settles out, and all 
that is small enough, together with 
some rock material, goes through the 
sieve to form the hutchwork. All 
that is too large remains on the sieve, 
and is taken off from time to time. 
About half a barrel of ragging is 
skimmed off during the day. The 
jigs D and C yield No. 1 mineral as 
heads; B sometimes yields No. 1, and 
sometimes No. 2, while A yields No. 
2 mineral. The hutchwork from this 
set of jigs is fed to the top row ot 
finishing sieves M, L, K, and I. The 
tails from the head sieves go to the 
first tail sieves E, F, G, and H, and 
arerejigged. These sieves yield three 
products, heads or ragging, hutch- 
work, and tails. The hutchwork 
goes to the middle row of finishing 
jigs Q, P, O, and N, while the tails 
go to the lake. 

The tails from the top row of fin- 
ishing jigs pass on through settling 
boxes to the middle row of finishing 
jigs, and the tails from the middle row 
pass through the last row. Sieves M 


.and L yield No. 2 mineral as heads 


and also as hutchwork. Sieves K, I, 
(, and P yield No. 3 mineral, both as 
heads and hutchwork. Sieves O, N, 
U, T,S,and R yield No. 4 mineral as 
hutchwork. This No. 4 mineral con- 
tains a considerable amount of rock 
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matter, and is purified by treating in a keeve and on buddles, accord- 
ing to the scheme shown in figure 7. 

No. 1 copper is dried and the silver picked out of it by hand. The 
ragging is also dried and then sifted. The finest copper siftings are 
mixed with No. 4 mineral, and the coarse siftings with No.3, while the 
rock containing inclosed copper is returned to the stamps. 

All the mineral is packed in old oil barrels, and, with the exception 
of No. 1, is shipped wet, as it comes from the jigs, to the smelting works. 

The slimes that will not settle in the hydraulic separators pass 
through four large settling boxes, and are treated according to the 
scheme shown in figure 8 yielding No. 3 and No. 4 copper. 

The finer tails passing to the tail house are treated according to the 
scheme shown in figure 9, yielding No. 5 copper. This treatment in 
the tail house serves almost exclusively as a check upon the work of 
the mill, by showing when too much copper is passing out in the tails. 
When the mill is running properly there is not sufficient copper re- 
moved in the tail house to pay for the treatment. 

To illustrate the operation of the mill twenty-three specimens are 
shown. 

(1) General average of the ore as sent from the rock house to the mill. (54273.) 

(2) Crushed rock, as it passes the sieves of the mortar. (51314.) 

(3) Heads from the mortar, consisting of metallic copper too large to pass the 
sieves. (54229.) 

(4) First-class material, from the first division of the hydraulic separator. (54218.) 

(5) Second-class material, from the second division of the hydraulic separator. 
(54219. ) 

(6) Third-class material, from the third division of the hydraulic separator. 
(54220. ) 

(7) Fourth-class material, from the fourth division of the hydraulic separator. 
(54221.) 

(8) Slimes, that pass away with the water from the hydraulic separator. (54222.) 

(9) No. 1 copper, separated on the roughing jigs. (54244.) 

(10) Ragging, consisting of particles of copper with small pieces of rock adhering 
to it, scraped from the surface of the copper on the sieves. (54230.) 

(11) Tails, from the roughing jigs. (54223.) 

(12) Hutchwork, from the roughing jigs treating first and second-class material 
from the hydraulic separator. (54225.) 

(18) Hutchwork, from roughing jigs treating third and fourth class material from 
the hydraulic separator. (54227.) 

(14) No. 2 copper, separated on the finishing jigs. (54245.) 

(15) Tails, from finishing jigs. (54224.) 

(16) Slimes, as fed to Evans slime tables from settling boxes. (54228.) 

(17) Heads, from Evans slime tables. ( 54243.) 

(18) No. 3 copper, obtained in treating the heads from the Evans slime tables in 
keeves. (54246.) 

(19) No. 4 copper, obtained in treating the heads from the Evans slime tables in 
keeves. (54247.) 

(20) Tails, from Evans slime tables. (54226.) 

(21) Tails, taken from the runs of the tail house. (54231.) 

(22) No. 5 copper, obtained by treatment of the tails in the tail house. (54248.) 

(23) Tails, from the buddle in the tail house. (54232. ) 
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Scheme showing treatment of No. 4 mineral in Osceola Stamp Mill. 
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THE DELAWARE MINE. 


The Delaware Mine, situated in the upper part of the Keweenaw point, 
Michigan, 35 miles from Portage Lake, was selected to illustrate the 
conglomerate veins. The first workings on this location were directed to 
the extraction of copper from the transverse veins carrying mostly mass 
copper, but were unsuccessful. In 1881 attention was directed toward the 
conglomerate bed, and a new plant commenced for actively working it. 
The mine has been equipped in the best manner, and is well provided 
with all the machinery for extensive working. It has been opened to 
a depth of 1,600 feet, and for a length of 2,150 feet ; it is provided with 
three shafts for hoisting the ore, and the general development is far in 
advance of the actual working. 

A section of the strata at this point shows first, greenstone 500 to 
600 feet thick, dipping 24 degrees to the north; then 7 feet of a shattered 
black trap; -between this and the conglomerate there is a selvage seam 


_ of clay 2 inches thick. The conglomerate bed is 25 to 25 feet thick, and 


below is an amygdaloid bed 50 to 60 feet thick. Beyond this there is a 
succession of the ordinary country rocks. 

The conglomerate is generally coarse, although it varies from a sand 
to boulders of a cubic foot or more. The pebbles are mostly red and 
brown quartz porphyrys. Occasionally, however, there are pebbles of 
amygdaloid, and near the base of the bed where the conglomerate is 
more loosely cemented, the number increases. These amygdaloid peb- 
bles appear to have come from the bed below the conglomerate. There 
isa marked stratification of the conglomerate, from the variation in the 
size of the pebbles. The sandstone strata are generally thin, and are 
quite local. They appear to contain a large proportion of feldspathic 
material. 

The copper-bearing layer of the bed is generally found within 8 or 
10 feet of the base, although the first 2 feet above the foot wall is gen- 
erally barren. Above this 2 feet the copper is distributed through a 
single layer 5 or 6 feet thick or through several thinner layers separated 
by barren material. Above these layers little copper is found, although 
small masses have been frequently found along the contact between the 
top of the conglomerate and the greenstone. The general character 
of the copper-bearing layers is the same as the barren layers, except 
that they are somewhat more open instructure. The copper has been 
deposited in the cementing material between the grains, and some of 
the richest material is sandstone cemented by copper. Copper has not 
been found in the interior of the quartz phorphyry pebbles, but has 
been found in the amygdaloid pebbles. 

Near the bottom of the bed interesting masses of copper are found 
which have evidently been deposited in cavities left by the dissolving 
out of amygdaloid pebbles. In some cases the copper forms a perfect 
cast of the original pebble, while in others the deposition of copper has 


94 BULLETIN 42, UNITED STATES NATIONAL MUSEUM. 


stopped before the cast has been completed, leaving an outside shell 
of copper with crystals and crystalline masses projecting into the open 
center. 

The conglomerate bed is traversed by a great many fissures running 
in every direction, and causing a great deal of faulting, which adds 
seriously to the difficulties of mining. Some of these fissures are filled 
with calcite, forming true veins, while others are simply filled with 
clay. The faulting produced by these fissures is generally small, but 
owing to their number they are very troublesome. The clay fissures 
or slips simply fault the strata, while the calcite veins not only fault 
the strata, but also terminate the copper-bearing layer. Within the 
copper-bearing layers the copper is more or less concentrated, forming 
rich chutes, and there are several of these chutes. 

A plan of the mine is shown in PL. X. 

The following are characteristic samples of the ore: 

(1) Free copper, coated with oxidation products, surface or float copper. (54743,) 

(2) Conglomerate, with much free copper. The blackened copper of this specimen 
is characteristic of the ore above the water level, 400 to 500 feet. (54729.) 

(3) Conglomerate, fine-grained, containing much free copper. From the eastern. 
chute between the first and second levels. (54740.) 

(4) Conglomerate, containing much free copper which cements the pebbles. 
(54730. ) 

(5) Conglomerate, very coarse, with free copper. (54674.) 

(6) Conglomerate, very coarse, with free copper and some calcite. (54651.) 

(7) Conglomerate, coarse, with free copper. (54726.) 

(8) Conglomerate, coarse, with free copper. (54733.) 

(9) Conglomerate, containing considerable sand with free copper. (54727.) 

(10) Conglomerate, containing much sand with much free copper. (54728.) 

(11) Free copper, a small mass. (54680.) 

(12) Free copper, coated with crystals of calcite. From one of the fissure veins. 
(54687. ) 

(13) Trap rock, carrying a little free copper. From northwest vein, 10 inches wide. 
(54663. ) 

The following five samples represent the characteristic barren con- 
glomerate and sandstones : 

(1) Conglomerate, ordinary, compact. (54652.) 

(2) Conglomerate, ordinary, compact, showing some calcite. (54681. ) 

(3) Conglomerate, ordinary, compact, with amygdaloid pebbles. (54665.) 

(4) Sandstone, with a few pebbles, from a6-inch layer. (54688.) 

(5) Sandstone. (54673.) 

To illustrate the formations exposed by the mining operations a 
complete section of the bed, taken from the crosscut 160 feet east 
of No. 1 shaft, is first shown. The whole width of the bed at this 
point is about 30 feet and presents some peculiarities. It has no sand- 
stone layers and in general is more open in the upper levels than in the 
deeper portions of the mine. There are two copper bearing layers or 
chutes, the lower one being thicker and more valuable: 

(1) Trap rock, very much decomposed and friable, froma bed 7 feet thick, between 
the greenstone and the conglomerate. A 22-inch streak of clay separates this trap 
from the conglomerate. (54689.) 

(2) Conglomerate, from the top of the bed, showing the contact. (54677.) 
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About 12 feet of conglomerate of moderate size and somewhat uni- 
form pebbles follow the contact, some of the layers being more open 
than others : 


(1) Conglomerate, from an open layer. (54657.) 

(2) Conglomerate, from a compact layer, showing one of the slips or fissures so 
common in the mine, which has faulted the bed here 5 or 6 inches. (54670.) 

(3) Conglomerate, irregular sized pebbles with free copper in the cementing ma- 
terial, from a 10-inch layer. Shows the generally looser structure of the cupriferous 
layers. (54685. ) 

(4) Conglomerate, containing very large pebbles, from a 7-foot layer. (54664.) 

(5) Conglomerate, compact, from a 2-foot layer, 21 feet from the hanging wall. 
(54654. ) 

(6) Conglomerate of large sized pebbles, with considerable free copper, from a 4-foot 
layer, 23 feet from the hanging wall. (54656. ) 

(7) Conglomerate, 27 feet from hanging wall and 3 feet from foot wall. (54676.) 

(8) Amygdaloid, from a boulder in the conglomerate just above the foot wall. 
(54693. ) 


A section of the beds continued below the conglomerate is shown by 
an adit level of the northwestern vein : 


(1) Trap rock, amygdaloidal at the contact. (54671.) 

(2) Trap rock, amygdaloid, 39 feet from contact. (54662.) 

(3) Trap rock, amygdaloid, 66 feet from contact. (54704.) 

(4) Trap rock, amygdaloid, 90 feet from contact. (54675. ) 

(5) Trap rock, amygdaloid, 159 feet from contact. (54700.) 

(6) Trap rock, amygdaloid, 270 feet from contact. (54678.) 

(7) Trap rock, amygdaloid, 10-foot bed, 294 feet from contact. (54655.) 
(8) Trap rock, amygdaloid, 306 feet from contact. (54724.) 

(9) Trap rock, amygdaloid, 474 feet from contact. (54653.) 

(10) Trap rock, amygdaloid, 594 feet from contact. (54701.) 


The western ore body is illustrated by the following specimens taken 
from a stope half way between the adit and No. 1. level: 


(1) Free copper, with a little calcite, shows the impression of several pebbles, 
and illustrates the occurrence of the copper as a cementing material. (54669. ) 

(2) Conglomerate, with much free copper, from a 12-inch layer, 7 feet from the foot 
wall, very loose in texture. (54698.) 

(3) Calcite, the filling of one of the fissure veins. (54697. ) 

(4) Conglomerate, a large pebble showing calcite on several sides. (54703.) 

A section of the bed 75 feet west of the second shaft at the seventh 
level is as follows : 6 inches of sandstone showing ripple marks, 4 feet 
of compact conglomerate, 6-inch layer of open cupriferous rock, 2 feet 
of compact conglomerate, 18-inch layer of very rich rock, 4 feet of com- 
pact conglomerate. This section is illustrated by samples taken east 
of the shaft: 

(1) Sandstone, showing north and south ripple marks. (54690.) 

(2) Conglomerate, compact and barren. (54694. ) 

(3) Conglomerate, with free copper, from the 6-inch layer. (54731.) 

(4) Conglomerate, with much free copper, from the 18-inch seam, (54666. ) 

(5) Trap rock, slightly amygdaloidal, from the foot wall. (54658. ) 
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In the stope about 50 feet below the seventh level these two cuprifer- 
ous layers have united, forming a layer of very rich ground, beginning 
3 feet from the foot wall and being 5 feet in width: 


(1) Conglomerate, containing much free copper and considerable calcite. (54652.) 
(2) Conglomerate, compact and barren. (54699. ) 
(3) Conglomerate, showing intersection of a calcite vein and a slip. (54695. ) 


The following specimens, although uot taken at one point, represent 
a characteristic section of the bed : 


(1) Trap rock, from the greenstone range, between 500 and 600 feet thick at this 
point. (54684.) 

(2) Free copper, from the contact between the trap and the conglomerate. (54741.) 

(3) Free copper, from the contact, has been flattened out by pressure. (54737. ) 

(4) Free copper, from the contact, has been flattened out by pressure. (54738.) 

(5) Conglomerate, with pebbles varying very much in size. Found only within6 
or 7 feet of the top of the conglomerate. (54667. ) 

(6) Amyedaloid, from a boulder near the foot wall. (54692). 

(7) Free copper, cast of a peculiar shaped amygdaloid pebble ; trom near the foot 
wall. (54732. ) 

(8) Free copper, cast of a large flat pebble. (54735. ) 

(9) Free copper, apparently the cast of several pebbles that touched each other; 
from near the toot wall. (54736.) 

(10) Free copper, apparently the beginning of the cast of a pebble, showing the 
crystalline interior; from near the foot wall. (54691.) 

(11) Free copper, cast of a pebble, with adhering conglomerate ; from near the foot 
wall. (54739.) 

(12) Amygdaloid, much decomposed, and containing free copper; from near the 
foot wall. (54723.) 


The Delaware stamp mill.—The treatment in the mill is nearly the 
same as at the Osceola mill. To illustrate the extraction of copper in 
the mill sixteen specimens are shown: 


(1) Conglomerate, containing free copper. Represents the average of the material 
sent to the mill. (54744.) 

(2) Crushed rock, as it passes the sieves of the mortar. (54712.) 

(3) Heads, from mortar; consisting of copper in pieces too large to pass the sieves. 
The silver in the copper is generally found in this material; it is picked out by hand 
and averages about 16 pounds a month. Grade No. 1, nearly pure copper. (54706.) 

(4) First-class material, from the first division of the hydraulicseparators. (54719.) 

(5) Second-class material, from the second division of the hydraulic separators. 
(54718. ) 

(6) Third-class material, from the third division of the hydraulic separators. (54721. ) 

(7) Fourth-class material, from the fourth division of the hydraulic separators. 
(54715. ) 

(8) Copper, separated on the roughing sieves. Grade No. 2, containing about 95 
per cent. of copper. (54707. ) 

(9) Coarse tails, from the roughing sieves. (54720. ) 

(10) Fine tails, from the roughing sieves. (54714.) 

(11) Copper, separated on the finishing sieves, including the coarse material in the 
sieves and the fine hutchwork that has passed through. Grade No. 3, containing 
about 86 per cent. of copper. (54708.) 

(12) Coarse tails, from finishing sieves. (54717.) 

(13) Fine tails, from finishing sieves. (54713. ) 

(14) Copper, separated from the slimes by treating them on the Evans slime tables 
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and tossing the heads from the last table in a keeye. Grade No. 4 B, containing 
about 33 per cent. of copper. (54710. ) 

(15) Copper, obtained from the black sands of the last row of finishing sieves, by 
treating them on the head buddle and tossing in a keeve. Grade No, 4 C, containing 
about 32 per cent. of copper. (54711.) 

(16) Final tails, as discharged into the lake, (54716.) 


SMELTING LAKE SUPERIOR COPPER. 


The product of all the Lake Superior mines consists, according to 
sizes, of: 

First. Mass copper cut from the large masses, being nearly pure cop- 
per. 

Second. Mass copper containing considerable adhering rock matter, 
sometimes called kiln copper, because it has been treated in a kiln to 
remove as much as possible of the rock matter. 

Third. Barrel copper; small masses broken from the rock and yet 
containing some adhering rock matter. 

Fourth. Stamped copper of various grades, the coarsest being nearly 
pure copper, while the finer grades contain increasing amounts of rock 
matter, especially magnetite, and also particles of metallic iron from 
the stamps. 

All this material has to be melted in specially constructed reverber- 
atory furnaces and then refined to remove the iron. 


C. G. HUSSEY COPPER WORKS, PITTSBURG, PENNSYLVANIA, 


These works treat entirely the products of the Mass Mine, Lake Su- 
perior. 10,000 pounds are charged into a reverberatory furnace in the 
afternoon, asuitable mixture being made of the small masses or kiln 
copper and the stamped material. The charge gradually melts, and 
at 6 o’clock the next morning the process of refining begins. ‘Phe 
melted metal is first oxidized to remove impurities and then poled with 
green wood to get “tough pitch” metal. This is generally finished 
about 10 o’clock, when casting begins. The refined copper is cast 
into long bars for rod rolling or into slabs for sheet rolling, and the 
entire product is consumed inthe same works. The specimens include: 

Ore. 

(1) A small mass, representing the barre] and kiln copper. (54972.) 

(2) Stamped copper, a mixture of several grades of stamped material.  (54975.) 

(3) Stamped copper, the fiuest grade from the treatment of the slimes and tail- 
ings. (54974. ) 

Fuel. 
(1) Bituminous coal. (55209.) 
(2) Charcoal, used in the refining as a reducing agent. (54985.) 


Intermediate products. 


(1) Copper, taken from the bath before beginning to rabble. (54975.) 
(2) Slag, first skimming. (54980.) 
(3) Copper, taken from the bath after rabbling. —(54976.) 
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(4) Slag, second skimming. (54981. ) 

(5) Copper, taken just before poling. (54977.) 

(6) Slag, third skimming. (54952.) : 

(7) Copper, taken from the bath after the skimming during the poling. (54978.) 

(8) Slag, skimmed after poling. (54983.) 

(9) Test piece. a small sample taken froin the bath and hammered, in order to test 
its quality, just before beginning to cast. (552L1.) 


Final product. 
(1) Ingot. (54979.) 
Accessories. 
(1) Sand, used for making the furnace bottom. (55210.) 
(2) Pole, hickory, used to deoxidize the copper bath. (54984.) 


THE LAKE SUPERIOR NATIVE COPPER WORKS. 


These works refine the dressed material from the mine works, but the 
only portion of the operation shown is the smelting in cupola furnaces 
of the slags produced in refining the native copper in reverberatory 
furnaces. These slags are charged into a cupola furnace with limestone 
and anthracite coal and produce a very impure pig copper. The furnace 
usually runs 7 to 8 hours, smelting 10 to 14 tons of slag. 

The usual proportion of the charge is about 120 pounds of slag, 50 
pounds of limestone, and 40 pounds of anthracite coal. After each 
short run the furnace is dumped and prepared for the next charge. The 
collection shows: 

(1) Refuse, consisting of slag, cinder, copper, ete., from previous fusions in the 
cupola. (54330. ) 

(2) Slag, average sample; from refining furnaces. (54331.) 

(3) Anthracite coal, used for fuel. (54332. ) 

(4) Limestone, used for flux. (54333. ) 

(5) Pig copper, product of the smelting. (54335.) 

(6), Slag, erystallized ; taken from the casting box above the copper. (54334.) 

A single run of the furnace was observed by the collectors, K. B. 
Kirby, E. M., and E. L. Zukoski, E.M. Atdp. m. a fire of wood and 
coke was made up in the furnace to dry it out, and about 800 pounds of 
coke wereused. At7.30 the next morning regular charging commenced, 
and at 10.45 six tons of slag had been charged. At 1 p.m. this was all 
smelted and the copper was tapped. This run of the furnace is repre- 
sented by five samples of slag: 

(1) Taken at 9.25 a.m. (54336.) 

(2) Taken at 10 a.m. (54337.) 

(3) Taken at 10.30 a.m. (54338. ) 

(4) Taken at 11.30 a.m. (54339.) 

(5) Taken at 12.30 a.m. (54340.) 


THE SMELTING OF COPPER. 


The extraction of copper from its ores may be divided into four pro- 
cesses. In some cases the metal from a given ore will pass through all 
these stages, while in others some of the stages will be omitted entirely, 
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and sometimes two or more stages will be more orless combined. FT re- 
- quently the first operations will be carried on at or near the mines and 
the product of matte or pig copper shipped away to be refined. This 
is generally the case if the copper contains silver. These stages are: 

First. The preparation of the ore. 

Second. The smelting for matte. 

Third. The smelting for pig copper. 

Fourth. The refining of pig copper for the production of ingot. 

Since nearly all copper ores are sulphureted, the most universal pre- 
paration is roasting to remove sulphur. In the older works this roast- 
ing was generally accomplished by making a pile of the coarsely 
crushed ore with a small amount of fuel, setting fire to it, and allow- 
ing it to burn as long as it would. This operation but imperfectly 
removed the sulphur, and a portion of each pile had generally to be re- 
roasted. I[t was also very long and tedious. Sometimes the coarsely 
crushed ore is roasted in brick stalls, where the combustion is more un- 
der control, more complete, satisfactory, and expeditious. Fine ore, 
such as results from concentrating operations, is generally roasted in 
reverberatory furnaces. In all these processes the only object sought 
is the removal of the sulphur, but ores consisting largely of pyrite are 
sometimes roasted in specially constructed furnaces, arranged to save 
the products of combustion and convert the sulphur into sulphuric 
acid, . 

The smelting for matte is simply a concentrating operation by fusion. 
A mixture of the ore is made up with the necessary fluxes, so as to 
yield a matte consisting of sulphides of copper and iron and a slag con- 
taining the earthy impurities of the ore and too little copper to be of 
any value. ‘This fusion is carried on in either cupola or reverberatory 
furnaces. This matte is roasted and then smelted again, generally with 
the addition of rich slags, producing a matte containing more copper 
and less iron and sulphur and a slag containing sufficient copper to be 
reworked. This process of roasting and fusing for matte is repeated 
several times, according to circumstances, until pig copper is produced. 

Pig copper contains a small amount of sulphur, together with some 
other impurities, and has to be refined in a reverberatory furnace to 
produce ingot copper. 


THE VERMONT COPPER MINING COMPANY. 


These works represent a condition of affairs not often met with in 
recent works. They were established for the production of ingot copper 
from the ores from a single region, and as an adjunct to the mining opera- 
tions. In more modern practice, the mining company undertakes only 
the first stages of the smelting or concentrating operations. The refin- 
ing and production of ingot copper is carried on at independent works, 
where material can be drawn from aJarge number of sources. ‘The ores 
were first roasted in heaps to remove the sulphur, The roasted ore 
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was then submitted to a series of fusions in reverberatory furnaces for 
the production of ingot copper. The collection shows: 


Ore. 


(1) Chaleopyrite, pyrrhotite, blende and quartz, and a mixture of ferraginons sili- 
cates, from the Ely Mine, Orange County, Vermont. (17298.) 


Intermediate products. 


(1) Roasted ore. (29965. ) 

(2) Sulphur, condensed from the roasting heaps. (29969. ) 

(3) Sulphide of copper, fused in roasting. (4735.) 

(4) Matte, produced from smelting the roasted ores. (29964.) 

(5) Slag, crystallized, from the fusion for matte. (29966.) 

(6) Roasted matte. (29962. ) 

(7) Second matte, produced from first matte, by roasting fusion. (29963.) 

(8) Roasted second matte. (31013.) 

(9) Black copper, produced from roasted second matte, by roasting fusion, ‘ Basin 
cake.” (29967.) 

(10) Pig copper, produced from roasted second matte. (31539. ) 


Final product. 
(1) Ingot, produced by refining pig or black copper. (31540.) 
THE DUCKTOWN COPPER WORKS. 


These works were established in the mountains of Tennessee to util- 
ize the ores of the Ducktown mines. Formerly a large amount of cop- 
per was produced, but they have now been closed for several years, 
with no probability of.starting up in the near future. 

Some oxidized ores were found in the upper portions of the mine, but 
the large ore bodies were altered sulphides that yet contain a consid- 
erable amount of sulphur. The sulphide ores were rudely roasted in 
heaps, and then subjected to a series of fusions in shaft and reverbera- 
tory furnaces. The collection shows 


Ore. 


(1) Oxidized, carbonates of copper, oxides of iron, and quartz. (56370. ) 
(2) Sulphide, partially altered pyrite, carbonate of copper, and quartz. (56369.) 
(3) Sulphide, chalcopyrite, pyrite, quartz, and calcite. (56368. ) 


Intermediate products. 


(1) Roasted ore, roasted in piles of 1,000,000 pounds, two roastings being required, 
and occupying 3 months.  (65277.) 

(2) First matte, obtained in smelting ores in rectangular shaft furnaces 12 feet 
high. Average composition, 20 per cent. copper, 45 per cent. iron, and 20 per cent: 
sulphur. (31279.) 

(3) Slag, obtained in ore smelting, contains silica 33 per cent., oxide of iron 54 per 
cent. (31278.) 

(4) Roasted first matte, the first matte is roasted several times in 60-ton piles, on 
stone floors, under sheds. (31274.) 

(5) Second matte, obtained by smelting roasted first matte in rectangular shaft 
furnaces 12 feet high, contains 70 to 75 per cent. copper. (31275.) 
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(6) Black copper, obtained with the second matte, contains 90 vo 92 per cent. cop- 
per. (31276.) 
(7) Blister copper, obtained by smelting second matte ina reverberatory furnace. 
(31280. ) 
(8) Slag, obtained in smelting blister copper. (31277.) 


Final products. 


* (1) Ingot, from refining blister copper. (31281.) 
(2) Refined copper, cast in a long bar for rod rolling. (31282.) 
(3) Refined copper, cast in a plate for sheet rolling, weighs 220 pounds, (31296.) 


THE STE. GENEVIEVE COPPER WORKS. 


These works are located at Ste. Genevieve, Ste. Genevieve County, 
Missouri, and treat the ores of the Cornwall Mine, about 12 miles from 
the works. The ore from the upper levels of the mine was mostly oxi- 
dized, containing a great deal of malachite and oxides of iron, but as 
these ores have been gradually worked out more and more of the unal- 
tered sulphide ores from the lower levels have been used, necessitating 
some changes in the operation. The sulphide ores are roasted in large 
heaps containing about 100 tons each. This is aslow and tedious oper- 
ation, requiring sometimes 9 months for its completion, and frequently 
considerable amounts of sulphur remain in the roasted ores. 

The ores are first smelted in channel cupola furnaces for the produc- 
tion of matte. A charge in this furnace consists of: 
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The limestone comes from a quarry near the furnace; the iron ore isa 
limonite altered from pyrite, and contains some unaltered pyrite. Basic 
slags from the roaster and refiner are used instead of iron ore when 
they can be had. 

The matte from the cupola smelting is subjected to a roasting fusion 
in a reverberatory furnace, called the roaster ; 7,000 to 10,000 pounds 
of matte are charged into the furnace and melted, when the slag is 
skimmed off. The slag is allowed to accumulate again until it covers 
the bath, when itis again skimmed, and this is repeated until all the 
blast-furnace slag entangled in the matte has been removed. From 
three to six of these slags are skimmed off, and are called limestone 
slags. The bath is then cooled off a little, and subjected to an oxidiz- 
ing action to remove sulphur and iron, and when this has been carried 
far enough, the metal, now called pig copper, but really black copper, 
is tapped from the furnace. The matte yields about 40 per cent. of pig 
copper inthe roaster. 


102 BULLETIN 42, UNITED STATES NATIONAL MUSEUM. 


As soon as sufficient pig copper has accumulated to keep the retinery 
running at least a month the refining furnace, which is a reverberatory, 
similar to the roaster, is heated up, and the pig copper is charged into 
it and melted. From 7,00 to 10,000 pounds are charged at a time and 
about 8 hours are required to melt the charge. When the charge is 
thoroughly melted all slag that has accumulated is skimmed off. The 
bath is then exposed to the air to remove the impurities by oxidation, 
and as soon as sufficient slag has accumulated (generally in about 2 
hours), itis skimmed. After this skimming the bath is “flapped,” which 
consists in striking the surface with a rabble, in order to throw the 
metal in thin sheets into the air, thus exposing a much greater surface 
to oxidation. During the flapping samples of the bath are taken fre- 
quently. The first samples have raised centers, but as the sulphur is 
removed these become less and less, and finally, as the oxygen begins 
to be absorbed in excess, the centre sinks, and when it sinks so far as 
to erack on cooling, ‘*‘ crack set,” the flapping is stopped. From 1 to 3 
hours are consumed in flapping. Charcoal and wood are then thrown 
on the bath and the fire urged for 3 or 4 hours with the working door 
closed. 

The bath is now skimmed, sawdust being thrown in to stiffen the 
slag, and a sample taken. During the first flapping considerable cop- 
per chills at the sides of the bath, which melts and runs down into the 
bath when the door is closed. Should there be sufficient of this copper 
to prevent the last sample from showing the crack set the bath must 
be flapped again, but this is rarely necessary. 

Up to this point the bath has been subjected to violent oxidation to 
remove the impurities, the most important of which is sulphur. The 
total removal of the sulphur can not be accomplished without intro- 
ducing an excess of oxygen into the metal, which now has to be re- 
moved by subjecting the bath to a reducing action. Pine charcoal is 
thrown over the metal and an oak pole is introduced into the bath 
through the working door; this causes a violent boiling of the bath, 
and the excess of oxygen introduced during the flapping is removed. 
Samples are taken at short intervals, the centre of the sample gradu- 
ally rises, and the surface becomes covered with fine wrinkles. As 
soon as it shows a level set, a dark color, fine radiating wrinkles, con- 
centric rings around the edge, and a thick rim without holes, the bath 
is ready for ladling. 

The poie is now removed, the bath skimmed, and some fresh char- 
coal thrown in to prevent oxidation of the copper. The metal is dipped 
out in ladles and poured into copper molds. As soon as the surface 
of the ingot is of the same color all over the mould is turned over and 
the ingot falls into water. When cold they are removed and packed 
into barrels. The black copper yields about 80 per cent. of ingot, and 
ingots weigh from 134 to 14 pounds. 
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The collection shows: 
Ore. 


(1) Oxidized, malachite in limestone. (55308.) 

(2) Oxidized, malachite containing little unaltered chalcopyrite and chert. 
(55309. ) 

(3) Sulphide, chalcopyrite in chert. Two characteristic samples,  (55311.) 

(4) Sulphide. (55310.) 


Flux. 


(1) Iron ore, limonite. (55307. ) 
(2) Limestone. (55305.) 
Fuel. 
(1) Bituminous coal. (55303. ) 
(2) Charcoal, also used as a reducing agent. (55304.) 


Intermediate products. 


(1) Matte, from smelting the ores in the cupola. (55291.) 

(2) Cupola slag, black; produced in smelting matte. (55301.) 

(3) Cupola slag, light green; produced in smelting matte. (55302.) 
(1) Cupola slag, erystallized; produced in smelting matte. (55300.) 
(5) First skimming from the roaster. (55281.) 

(6) Second skimming from the roaster. (55282.) 

(7) Third skimming from the roaster. (55285. ) 


(10) Sixth skimming from the roaster. 
- (11) Seventh skimming from the roaster. (55287.) 

(12) Eighth skimming from the roaster, (55288.) 

(13) Ninth skimming from the roaster. (55289. ) 

(14) Tenth skimming from the roaster. (55290.) 

(15) Pig copper, from the roaster. (50990.) 

(16) Furnace bottom charged with metallic copper from the roaster. (55280.) 

(17) First skimming from the refinery furnace. (55292.) , 

(18) Second skimming from the refinery furnace. (55293.) 

(19) Third skimming from the r-finery furnace. (55294.) 

(20) Fourth skimming from the refinery furnace. (55295.) 

(21) Furnace bottom, charged with metallic copper from the refinery furnace. 
(55296. ) 

Final Products 


(1) Ingot copper, small sample. (55293. ) 

(2) Ingot copper, small sample, showing coating of red suboxide of copper. 
(55299. ) 

(3) Ingot copper, full size, with its copper mold. (55297.) 


Accessories. 


(1) Quartz sandstone, used for making the bottoms and linings of the furnace. 
(55306. ) 
THE SCHUYLKILL COPPER WORKS. 





These works are located at Phoenixville, Chester County, Pennsyl- 
vania and. employ the reverberatory furnace process entirely. They 
treat the ores from various localities, the chief source of supplies being 
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from various mines in the great bed of maguetite in Berks, Chester, 
and Lebanon Counties, Pennsylvania. 

All of this bed of magnetite carries considerable copper, and at times 
portions carry sufficient to be worked for that metal. The ores consist 
of magnetite and sulphides of copper, together with decomposition 
products of the latter, including silicates and carbonates. 

The ores are represented by eight specimens. 

(1) Silicate and carbonate of copper, on magnetite. Jones Mine, Berks County, 
Pennsylvania. (5163.) 

(2) Chaleopyrite, silicate and carbonate of copper, on magnetite. Jones Mine, Berks 
County, Pennsylvania. (5154.) 

(3) Chalcopyrite and malachite. Jones Mine, Berks County, Pennsylvania. (5175. 

(4) Chalcopyrite, in rough crystals, and magnetite. Jones Mine, Berks County, 
Pennsylvania. (5164.) 

(5) Chaleopyrite, carbonate of copper, and magnetite. Jones Mine, Berks County 
Pennsylvania. (5165. ) 

(6) Chaleopyrite. French Creek Mine, Chester County, Pennsylvania. (5167,.) 

(7) Chalcopyrite, pyrite, crystallized, and magnetite, with a slight coat of carbon- 
ate of copper. French Creek Mine, Chester County, Pennsylvania. (5161.) 

(8) Carbonate of copper, impure. Cornwall Iron Mine, Lebanon County, Pennsy!- 
vania. (11679.) 

The process at these works is divided into five distinct operations. 

First operation.—The ores are subjected toa roasting fusion, whereby 
the copper and a considerable amount of the iron, in the form of sul- 
phides, are concentrated into matte. (31298.) 

The earthy impurities of the ores form a slag sufficiently free from 
copper to be thrown away. (31299.) 

Second operation.—The first matte is subjected to a roasting fusion, 
whereby a second matte, called ‘‘ blue metal,” containing more copper, 
and less iron and sulphur, is obtained. (31301.) 

The slag obtained in this operation contains a considerable percent- 
age of copper, and is used as a flux in the first operation. (31302.) 

Third operation.—The blue metal is subjected to a roasting fusion, 
whereby a third matte, called ‘‘ white metal,” coutaining more copper, 
and less iron and sulphur, than blue metal, is obtained. (31305.) 

The slag contains a large percentage of copper, and is used as a flux 
in the second operation. (31303.) 

This operation is further illustrated by two samples of white metal, 
extra, showing filaments of metallic copper, commonly cailed “ Nigger 
Wool.” (31306 and 31307.) 

Fourth operation.—The white metal is subjected to a roasting fusion, 
whereby blister copper is obtained. Blister copper contains only a small 
amount of impurities. (31309.) 

The slag contains a very large percentage of copper, and is used as a 
flux in the third operation. (31310.) 

Fifth operation.—The blister copper is first melted and subjected to 
the oxidizing action of the air, in order to remove the impurities as far 
as possible. This operation introduces a large excess of oxygen into 
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the metal which must be removed. A stick of green wood is plunged 
into the bath of copper, charcoal is thrown on its surface, and the air 
excluded from the furnace as much as possible. The final product of 
this treatment is ingot copper, which is ready for use. (31311.) 

The slag obtained in this operation is essentially oxide of copper, and 
is utilized in the fourth operation. (31512.) 

In the course of this process copper frequently works its way through 
the bottom of the furnace, and three characteristic samples of this are 
shown. (31313, 31314, and 31315.) 


THE ORFORD COPPER AND SULPHUR COMPANY. 


These works are located at Bergenport, New Jersey, and treat mainly 
the sulphide ores of the Crown Mine, Capelton, Province Quebec, 
Canada. 

The sulphur of the ores is first utilized for the manufacture of sul- 
phuric acid and afterwards the copper is extracted by a combined 
treatment in the blast and reverberatory furnaces. 

(1) Sulphide ore, chale opyrite, pyrite, and quartz, containing about 40 per cent. 
sulphur and 4 per cent. copper. (40220.) 

(2) Roasted or burnt ore, the residue remaining after the suiphur has been burnt 
off for the manufacture of sulphuric acid. (49347.) 

(3) First matte, obtained in smelting the roasted ore, contains about 30 per cent. 
copper. (49348.) 

(4) Slag, produced in smelting for first matte. (49349. ) 

(5) Ground and roasted matte, containing about 36 per cent. copper. (49350.) 

(6) White metal, obtained by smelting roasted matte. (49351.) 

(7) Blister copper, obtained by smelting white metal. (49352) 

(8) Ingot copper, obtained by refining blister copper. (49353.) 


THE BUTTE COPPER DISTRICT. 


Within a very small area near the city of Butte, Silver Bow County, 
Montana, occurs a group of very remarkable copper mines. The copper 
occurs in veins, frequently of great width, in coarse-grained granite. The 
surface of these veins consisted of quartzose material, with oxides of iron, 
copper minerals being rare. They, however, varried considerable silver, 
and mostof the large copper mines were originally opened as silver mines. 
After reaching the water level, which varies from 50 to 150 feet from 
the surface, the character of the vein changes entirely, and consists of 
quartz carrying various sulphides of copper and iron, alone and mixed. 
These sulphides vary from a nearly pure chalcocite, through bornite, to 
chalcopyrite, although but small amounts of the latter have been mined, 
and are frequently associated with pure sulphide of iron, pyrite. 

In some of the mines the principal copper mineral is chalcocite, while 
in others it is bornite, and this distinction is quite marked. All the 
ores carry more or less silver, and, especially in the chaleocite mines, 
free silver is found in beautiful sheets on tbe sulphide of copper. The 
width of the veins varies, and it is not unusual to find 30 feet or more 
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of solid ore, most of it, however, being second class or concentrating 
ore. Within the vein are frequently found chutes of rich ore, irregu- 
larly distributed. Large bodies of nearly pure chalcocite were found 
_in some of the mines, especially the Anaconda. 

The ores of the region may be divided into three classes. First, ship- 
ping ore, consisting of high grade chalcocite ore, carrying 50 per cent. 
of copper, which is shipped away for smelting. Second, smelting ore 
carrying about 39 per cent. of copper, which is aid on the spot. 
Third, concentrating ore, carrying from 10 to 20 per cent. of copper, 
which is first roughly concentrated and then smelted. Owing to the 
eost of labor and the lack of local consumption, the smelting is con- 
fined to a single operation for the production of a high grade matte. 


MONTANA SMELTER. 


These works treat the ore from several of the mines, but especially 
the Colusa, which carries most of its copper in the form of chalcocite. 
Besides chaleocite the ore contains considerable pyrite and a little 
bornite. Solid lumps of the rich sulphide generally contain native 
silver in very thin plates. The rich ores are shipped away directly, 
the second quality are treated for the production of matte in a rever- 
beratory furnace, while still poorer ores are concentrated by jigging, 
and then treated for matte. 

Ore. 


(1) Chaleocite, containing a little pyrite and showing small: flakes of free silver. 
Shipping ore. (55639.) 

(2) Chaleocite, bornite, pyrite, and quartz. Concentrating ore. (55629:) 

(3) Crashed ore. (53628.) 

(4) Coarse concentrates, containing a great deal of chaleocite and being very 
rich in copper. (55626.) 

(5) Medium concentrates, containing some pyrite and quartz. (55625. 

(6) Fine concentrates, containing considerable pyrite and quartz. (55624.) 

(7) Tailings, consisting largely of quartz. (55623.) 


Flux. 
(1) Limestone. (55636.) 


(2) Iron ore. (55634. ) 
Fuel. 


(1) Bituminous coal, from Bozeman, Montana. (55638. ) 
(2) Bituminous coal, from Pleasant Valley, Utah. (55637.) 


Final products. 
(1) Matte, containing 65 per cent. of copper and 55 to 60 ounces of silver per ton. 
(556 16.) 
(2) Slag, produced in smelting matte. (55618.) 


Accessovies. 


(1) Quartz, used for making furnace bottoms. (55635.) 
(2) Blister copper, from old blast-furnace smelting. (55633.) 





(3) Slag, from old blast furnace smelting. (55622. ) 
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PARROTT SMELTER. 


These works treat the ore from the Parrott Mine, which carries its 
copper mostly in the form of bornite. The ores are divided into first 
quality, which are smelted directly in reverberatory furnaces, and see- 
ond quality or concentrating ore. 


Ore. 


(1) Bornite and pyrite, in quartz. First quality. (55586. ) 

(2) Bornite and pyrite, in quartz. Concentrating ore. (55585. ) 

(3) Bornite and pyrite, with a little quartz; a mixture of several sizes of concen- 
trates. (55583.) : 

(4) Tailings, consisting of quartz with a small amount of sulphides. (55584. ) 


Intermediate products. 


(1) Lump ore, roasted in stalls. (55581. ) 
(2) Concentrates, roasted in a reverberatoy furnace. (55582.) 
(3) Concentrates, roasted and pressed into a brick. (55590. ) 


Final products. 


(1) Matte, from reverberatory furnace. (55579.) 
(2) Slag, produced with matte. (55580.) 


Accessories. 


(1) Quartz, used for making bottoms of furnaces. (55589, ) 


BELL SMELTER. 


These works treat the ores of the Bell Mine in shaft furnaces. The 
ores are divided into first-class and concentrating ores. The first-class 
ores are roasted in heaps, and the concentrated ores are roasted in 
reverberatory furnaces. 

Ores. 


(1) Bornite, pyrite, and quartz. First-class ore. (55611.) 
(2) Bornite and pyrite; a mixture of several grades of concentrates. (55613. ) 


Intermediate products. 


(1) Lump ore, roasted in heaps. (55610.) 
(2) Concentrates, roasted in reverberatory furnaces. (55612. ) 


Flux. 
(1) Limestone. (55615.) 
(2) Iron ore. (55614.) 


Final products. 


(1) Matte, from smelting the roasted ores. (55604.) 

(2) Matte, showing filaments of netallie copper. (55606.) 
(3) Slag, average sample. (55607.) 

(4) Slag, crystallized in thin blades. (55608. ) 

(5) Slag, in thick heavy erystals. (55609. ) 
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ARIZONA COPPER DISTRICT. 


The copper mines of Arizona are remarkable as having produced 
large quantities of oxidized ores. These ores occur for the most part 


in large deposits at and near the surface and are extracted by the . 


simpliest quarrying operations. They contain 10 to 15 per cent. of cop- 
per, and, owing to their oxidized condition, a single fusion in a water- 
jacketed cupola furnace produces pig copper carrying from 97 to 98 
per cent. of the metal. In many instances no flux is required, since a 
mixture of the ore can be made that will be self-fluxing. In some 
cases, however, limestone is used. It will thus be seen that both the 
mining and smelting are exceedingly simple and inexpensive. Fuel, 
however, is very dear, having cost over $50 per ton at some of the 
works. 

This region is illustrated by a collection from the Copper Queen 
mine, Bisbee, Cochise County, taken by Mr. B. Williams, which shows 
a great variety of the ores. The collection begins with a sample of 
free copper, which has evidently been produced as a secondary product 
from the other copper minerals. It then follows on through various 
stages of oxidation to malachite. 


COPPER QUEEN MINE AND SMELTER. 
Ore. 
(1) Free copper, crystallized on siliceous limonite. (56043. ) 
Oxidized ore. 


(1) Cuprite, crystallized on limonite. The crystals are well-developed octahedrons 
with cubie faces, mostly in separate individuals. (56050. ) 

(2) Cuprite, in crystalline coating and layers, on limonite. (56047.) 

(3) Azurite, crystallized. (56052.) 

(4) Azurite, crystallized, malachite, limonite ; the azurite occurs in the interior of a 
cavity surrounded by the malachite and limonite. (56051.) 

(5) Azurite, malachite, limonite; the azurite occurs in separate crystalline aggre- 
gates on fibrous globular malachite. (56056.) 

(6) Malachite, aznrite, oxide of manganese. A mixture of malachite and azurite, 
coated on the exposed surface with oxide of manganese. (56057. ) 

(7) Malachite, a fibrous globular coating on the interior of a cavity. (56060.) 

(8) Malachite, a fibrous globular malachite in a cellular mass and showing the 
interior of one large cavity. (56059.) 

(9) Malachite, with a little azurite, cellnlar, massive; showing a small elongated 
cavity with stalactites. (56058. ) 

(10) Average sample, from open surface cut. (56069. ) 

(11) Average sample, from lower working. (56070.) 

(12) Average sample, representing a 3-days run of the furnaces; the charge being 
open cut ore 30 pounds, lower workings ore 245 pounds, limestone 25 pounds. (56068. ) 


Slag. 


(1) From the blast furnace. (56071.) 
A sample of the pig copper may be seen in the collection from the 
Ansonia works. 
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The pig copper of the region is generally free from injurious impuri- 
ties, especially arsenic, and has a high reputation at the refineries. It 


is all shipped away to be refined, much of it being treated at works in 


the East. 

The refining process is well illustrated by a collection from the An- 
sonia Brass and Copper Works, Ansonia, New Haven County, Con- 
necticut, taken by Mr. Wm. Powe. 

Ansonia Brass and Copper Works.—The process of refining is essen- 
tially the same as that described in refining the pig copper at Ste, Gene- 
vieve. 

(1) Pig copper, from Arizona, (54344. ) 

(2) Roller scale, produced in heating and rolling copper and used in the refining 
process to assist in the oxidation of the impurities of the copper. (54345. ) 

(3) Copper, taken from the bath after the first skimming of the slag, when tie 
charge becomes thoroughly melted. (54347.) 

(4) Slag, drawn from the furnace when the charge is first melted. (54351.) 

(5) Copper, taken from the bath after working, during which the sulphur and other 
impurities have been removed by rapid oxidation; time of working 9 hours. (54348.) 

(6) Slag, drawn from the furnace during the working period. (54352.) 

(7) Copper, taken from the bath after rabbling to fine copper. Rabbling removes 
the small amount of impurities left in the copper after working, and requires from 
1 to2 hours. 654349.) 

(8) Slag, drawn from the furnace at the close of the oxidizing period, (54352.) 

(9) Copper, taken from the bath after poling to tough copper; time of poling 
about 2 hours. (54350. ) 

(10) Slag, drawn from the furnace just after beginning to pole. (54354. ) 

(11) Siliceous sand, used to repair the bottom of the refining furnace. (54346. ) 

(12) Pole (buttonwood poplar), used to refine the copper bath. (55403.) 

(13) Clay, used for lining ladles. Woodbridge, Middlesex County, New Jersey. 
(55399. ) 

(14) Bituminous coal, used in gas producers. (55402.) 

(15) Pig copper, obtained by smelting refinery slags and other refuse in a cupola 
furnace, (54355. ) 

(16) Slag, clean slag, obtained in smelting refinery slags, etc., in the cupola. 
Thrown away. (54398.) 

(17) Anthracite coal, used for fuel in the cupola. (55400.) 

(18) Oyster shells, used for flux in the cupola. (55401.) 

(19) Furnace bottom, taken from the cupola and containing metallic copper. 
(54356. ) 

WET PROCESS OF COPPER EXTRACTION. 


Many ores contain copper in a form that can not be readily concen- 
trated by mechanical means and are yet too low in copper to be treated 
directly by any of the fusion processes. To utilize such ores several wet 
processes have been devised. 


THE HUNT AND DOUGLASS COPPER PROCESS. 


This process consists of treating the oxides of copper with a solution 
of proto-chloride of iron and salt. By this operation the copper is con- 
verted into subchloride by the proto-chloride of iron, and is dissolved 
by the salt, the proto-chloride of iron being oxidized to the sesqni- 
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chloride. The solution containing copper is then left for some time in 
contact with serap wrought iron, which reduces the copper to the me- 
tallie state, while the sesqui-chloride of iron is reduced to the proto- 
chloride and is ready to be used over again. 

In the cases of oxides and carbonates of copper, and some silicates, 
like chryoscolla, the process can be applied directly, but some of the 
silicates have to undergo a previous treatment before the process can 
be applied. Sulphide ores of copper are crushed and roasted to con- 
vert the copper into oxide and sulphate before treatment. ‘Phis process 
is applicable to all ores of copper, except such as contain large amounts 
of the carbonates of lime, magnesia, or zinc, and is especially applica- 
ble to silver-bearing copper ores. 

The process was formerly carried on by the Chemical Copper Com- 
pany, Phoenixville, Chester County, Pennsylvania, and is illustrated 
by the following specimens : 

Ore. 


(1) Chalcopyrite, with some silicates and.carbonates of copper, and magnetite; 
sulphide ore. This ore comes from the copper-bearing portion of a large deposit of 
magnetite which is mined for iron smelting. It contains 3 to 4 per cent. of copper, 
and 30 to 50 per cent. of iron. Jones Mine, Berks County, Pennsylvania. (5157.) 

(2) Clay, containing copper, also traces of zinc and nickel; silicate ore. This ma- 
terial forms great beds underlying the magnetite ores, and contains about 4 Per cent. 
of copper. Jones Mine, Berks County, Pennsylvania. (11673.) 


Intermediate products. 


(1) Sulphide ore, crushed to pass a screen of fifteen holes to the linear uel ready 
for roasting. Contains about 3 per cent. of copper. (5152.) 

(2) Roasted sulphide ore, after passing through a three-hearth reverberatory fur- 
nace. It contains 1.45 per cent. of copper in the form of oxide; 1.25 per cent. in the 
form of sulphate, and 0.30 per cent. in the form of unoxidized sulphide. (5148.) 

(3) Residue, left after treating the roasted ore with solution of proto-chloride of 
iron and salt and washing. It still contains about 0.40 per cent. of copper, mostly as 
sulphide. (5153.) 

(4) Concentrates, obtained by washing the residues. Contain about 67 per cent. of 
iron, and are used for fettling puddle furnaces. (5150.) 

(5) Silicate ore, average sample as prepared for preliminary treatment. Contains 
4 per cent.of copper. (5149.) 

(6) Silicate ore, after preliminary treatment. The raw ore is dried, and then charges 
of 15,000 pounds are heated to redness in a close mutile with a small amount of pul- 
verized coal. By this operation the oxide of copper of the silicate is reduced to the- 
metallic state. The charge is withdrawn from the muffle and cooled with free access of 
air, by which the copper is again oxidized and thus prepared for solution. (5151.) 

(7) Residues, after treating the prepared silicate ore with a hot solution of proto- 
chloride of iron and salt; still retains 0.60 per cent. of copper. (5146.) 


Final products. 
(1) Cement copper, crystallized metallic copper; separated from the solution by 


passing over wrought scrap iron. Average sample. (5147.) 
(2) Cement copper, finely crystallized, (30931.) 
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(3) Cement copper, compressed in an ordinary brick machine preparatory to melt- 
ing into ingots. (29945.) 

(4) Cement copper, compressed by hydraulic pressure preparatory to melting into 
ingots. (29946.) 

(5) Ingot, obtained from the pressed cement copper by a single fusion in # reverber- 
atory furnace. (29947.) 


APPLICATION OF COPPER. 


A single illustration of the application of copper in the rolling of rods 
aud plates and the coating of the latter with other metals, as practiced 
at the works of the Ansonia Brass and Copper Company, Ansonia, 
New Haven County, Connecticut, is illustrated by a collection taken by 
Mr. L. Powe and Mr. Henry Cooper, 1884. 


Lod rolling. 


(1) Rolled hot, shows scales of oxide formed during the heating and rolling. 
(51183. ) : 

(2) Rolled hot, has been pickled in dilute sulphuric acid to remove the scale of oxide 
of copper formed during the heating and rolling. (51134. ) 

(3) Rolled hot, pickled and then finished by cold rolling. (54362. ) 

(4) Rolled hot, pickled, rerolled hot aud, after cooling, drenched with dilute am- 
monia, heated toa dullred and quenched in cold water to remove the scale. (51185.) 


Plate rolling. 


(1) Rolied hot, shows scale of oxide formed during the heating and rolling. (54359. ) 

(2) Rolled hot, has been pickled in dilute sulphuric acid to remove the scale of oxide 
of copper formed during the heating and rolling. (54357.) 

(3) Rolled hot and pickled and then finished by cold rolling. (54358.) 

(4) Rolled hot, pickled, rerolled hot and, after cooling, drenched with dilute am- 
monia, heated toa dullred and quenched in cold water to remove the scale. (54360.) 

(5) Scale, from the quenching of plate. (54501.) 


Sheet copper. 


(1) Hard-rolled. Hard rolling is passing the plate a few times through the rolls 
to harden-and temper it. (54367. ) 
(2) Hard-rolled, showing spring temper. (54369.) 
(3) Cold-rolled, soft or annealed. (54370.) 
(4) Hard-rolled, tinned. (54364.) 
(5) Cold-rolled, tinned. (54366.) 
(6) Patent planished. (54362.) 
(7) Tinned and patent planished. (54365.) 
(8) Patent nickel plated. (54363.) 
(9) Patent nickel plated and tinned. (54371.) 
(10) Silver plated, to be used in gold amalgamating mills; contains L ounce of 
silver per square foot. (54372.) 
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Le OMNeE: 
IRON MINERALS. 
MAGNETITE. (MAGNETIC IRON ORE, LOADSTONE.) 


Composition: Fe,O, + FeO. Protosesquioxide of iron, containing 
iron 72.4 per cent, and oxygen 27.6 per cent. 

It crystallizes in the isometric system, especially in octahedrons and 
dodecahedrons. It commonly occurs in the crystalline granular form, 
with grains of various sizes, or massive. It variesin hardness from 5.5 
to 6.5, and in specific gravity from 4.9 to 5.2. It has a full metallic lus- 
ter, and iron-black color. It is always magnetic and sometimes shows 
polarity. 

Magnetite is a very valuable source of iron. Sometimes it occurs in 
masses of great purity and furnishes iron of the highest quality. It 
frequently contains the various sulphides of iron, the phosphate of lime, 
apatite, and titanic acid, and any one or several of these may be pres- 
ent in sufficient amount to prevent its being utilized. It generally 
occurs in the older crystalline rocks. To illustrate the occurrence of 
magnetite five specimens are shown: 

(1) Crystallized, small octahedrons on massive. O’Neil Mine, Orange County, 
New York. (17642.) 

(2) Crystallized, large octahedrons on massive. Great Western Mine, Iron Springs, 
Iron County, Utah. (43648.) 

(3) Crystalline, granular. Crown Point Mine, Crown Point, Essex County. New 
York. (65320.) 

(4) Massive, loadstone. Arkansas. (31965.) 

(5) Magnetic sand, from washing alluvial deposit. December 27, 1-80. White 
River, Pittsfield, Rutlanl County, Vermont. (65330. ) 


HEMATITE. (RED HEMATITE, SPECULAR IRON, MICACEOUS IRON, 
IRON GLANCE.) 


Composition: Fe,O;. Sesquioxide of iron, containing iron 70 per 
cent. and oxygen 30 per cent. 

Crystallizes in the rhombohedral system, crystals being generally 
rhombohedral or tabular, with rhombohedral faces. It occurs granu- 
lar, lamellar, massive, and earthy. 

It varies in hardness from 5.5 to 6.5 and in specifie gravity from 4.5 
to 5.3; it is dark. steel-gray to red in color and bright metallic to 
earthy in luster; is generally opaque, but occasionally, in thin erystals, 
transmits a blood-red light. The powdered mineral is always bright 
red in color. 

Hematite oceurs in a variety of forms in rocks of all ages and is a 
very valuable source of iron. As an ore if has reeeived a large variety 
of names, depending for the most part upon the physical condition of 





: 
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the mineral. ‘To illustrate the occurrence of hematite five specimens 
are shown: 

(1) Tabular crystals, on massive. Iron Ridge, Crawford County, Missouri. 
(40729. ) 

(2) Specular. Lake Superior Mine, Ishpeming, Marquette County, Michigan. 
(5358. ) 

(3) Micaceous specular. Negaunee, Marquette County, Michigan. (5335.) 

(4) Massive. Athens, MeMinn County, Tennessee. (20068.) 

(5) Fossiliferous. Ferguson Valley, Lewiston, Pennsylvania. (5183.) 


LIMONITE. (BROWN HEMATITE, BOG IRON ORE.) 


Composition: Fe,O; + Fe,H;O,. Hydrated sesquioxide of iron, con- 
taining sesquioxide of iron 85.6 per cent. (iron, 59.9 per cent.), and 
water 14.4 per cent. 

It does not crystallize, but is generally found in various imitative 
shapes with fibrous structure, frequently coating the interior of cavities. 
It also occurs inassive. It varies in hardness from 5 to 5.5, and in 
specific gravity from 3.6 to 4. The luster on the original surface is often 
bright metallic, and dark in color, while on a fresh fracture the luster 
is generally silky, and the color brown; occasionally it occurs earthy. 
The powdered material is always yellowish brown. 

Limonite is the most widely distributed ore of iron, and as the metal 
is very easily reduced from it, has been utilized in remote ad inacces- 
sible regions for long ages. The purer varieties yield a metal of great 
strength, well suited for making castings, and especially car wheels. 
To illustrate the occurrence of limonite two specimens are shown: 

(1) Botryoidal and stalactitic, fibrous coating on the interior of cavity. Chatfield 
Mine, Salisbury, Litchfield County, Connecticut. (17302.) 

(2) Massive. Mine No. 1, Lowmoor, Alleghany County, Virginia. (5301.) 


TURGITE. 


Composition: 5 Fe,O;+ Fe,H,O, Hydrated sesquioxide of iron, con- 
taining sesquioxide of iron 94.7 per cent. (iron, 66.3 per cent.), and 
water 5.3 per cent. 

Does not crystallize, but resembles limonite, with which it is gen- 
erally associated in its occurrences and physical properties, but from 
which it can most readilly be distinguished by its powder being red. 

To illustrate the occurrence of turgite two specimens are shown: 

(1) Coating the interior of a cavity on limonite. Porter Ore Bed, Salisbury, 
Litchfield County, Connecticut. (11694. ) 

(2) Powdered sample, showing characteristic red color, Porter Ore Bed, Salis- 
bury, Litchfield County, Connecticut. (65321.) 


SIDERITE. (SPATHIC IRON.) 
Composition: FeCO,. Carbonate of protoxide of iron, containing 
protoxide of iron 62.1 per cent. (iron, 49.0 per cent.), and carbonic acid 


37.9 per cent. Generally a part of the iron is replaced by manganese. 
9110—No, 42——8 
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It crystallizes in the rhombohedral system, showing mostly planes 
of rhombohedrons; crystals, are usually curved. Its most common oc- 
currence is in crystalline masses, showing the characteristic rhombohe- 
dral cleavage with curved faces. It frequently occurs granular. It 
varies in hardness from 3.5 to 4.5, and in specific gravity from 3.7 to 
to 3.9, is generally gray to brown in color, and has a vitreous luster. 

Siderite is the chief constituent of several. varieties of iron ores, 
which are generally more or less impure. To illustrate the occurrence 
of siderite two specimens are shown: 

(1) Crystalline, massive, showing characteristic cleavage. Shepaug Iron Com- 
pany’s mine, Roxbury, Litchfield County, Connecticut. (17966.) 2 

(2) Massive, fine granular. Muirkirk, Prince George County, Maryland. (65322. 

PYRITE. (MUNDIC.) 


Composition: FeS,. Bisulphide of iron, containing iron 46.7 per 
cent., and sulphur 53.3 per cent. Occasionally other metals replace 
some of the iron. 

It crystallizes in the isometric system, forming very beautiful crystals. 
The most common form is the cube, while the pyritohedron and related 
forms are quite common, and combinations of these two forms are fre- 
guent. It also occurs in imitative forms with crystalline structure. 
Much of it occurs massive. 

It varies in hardness from 6 to 6.5, and in specific gravity from 4.83 
to 5.2. It hgs a full metallic luster, and pale brass-yellow color. On 
being struck with a hard substance, like steel, it throws off sparks, 
whence the name. 

Pyrite is never used directly as a source of iron, and its presence in 
any large amounts in iron ores is a great injury, as it causes the metal 
to be weak at high temperature or ‘‘red short.” Small amounts of it 
are, however, common in nearly all iron ores, and considerable amounts 
can be removed by asuitable roasting operation. 

Considerable amounts of it are used in the manufacture of sulphuric 
acid, and after the small amount of copper frequently present has been 
extracted, the remaining, nearly pure oxide of iron, known as ‘“ blue- 
billy,” is sometimes used in the puddling process of making wrought 
iron. To illustrate the occurrence of pyrite the following specimen is 
shown here. Others will be found in the sulphur collection. 


(1) Crystallized, on magnetite. Annie Mine, Lake County, Colorado. (41885.) 
TRON ORES. 


The ores of iron are classified in several different ways, the most im- 
portant being according to the chief mineral they contain, as magnet- 
ite, hematite, limonite, and carbonate ores. With the exception of 
magnetite, each one of these varieties is frequently subdivided accord- 
ing to some peculiar physical character; thus under hematite we have 
specular, micaceous, fossil; under limonite we have bog, needle, pipe ; 
under siderite we have clay ironstone, and blackband ore, Many 
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other varieties are recognized locally. Hematite and limonite are fre- 
quently indiscriminately called hematite; they are also frequently dis- 
tinguished as red and brown hematites. Occasionally, also, a single 
physical name will include two or more chemical varieties ; thus, honey- 
comb ore may be either hematite or limonite, while kidney ore may be 
either hematite, limonite, or siderite. 

Tron ores are frequently classified according to the character of the 
pig metal that they will produce, and this classification depends mainly 
upon the presence or absence of impurities; thus, a steel ore must be 
low in phosphorus, while a cold short ore will be high in phosphorus, a 
red short ore will be high in sulphur, and a neutral ore is one contain- 
ing moderate amounts of both sulphur and phosphorus, but in such 
proportions that they more or less neutralize each other. 


THE TENTH CENSUS IRON-ORE COLLECTION. 


~ Under the direct supervision of Prof. R. Pumpelly, the Tenth Census 
made a very elaborate collection of the iron ores of the country. The 
design of this collection was to take representative samples of each 
variety of ore occurring at every mine that was worked during the cen- 
sus year. Besides these, a complete sample of the ore as mined was 
taken and submitted to a chemical examination. To these were added 
illustrations of the associated rocks and minerals. This whole collection 
embraced nearly four thousand specimens, and a suitable selection of 
these has been placed ou exhibition. The exhibition series is arranged 
upon a geographical basis. Several illustrations of manganese ore are 
included in the collection. 


MAINE. 


PISCATAQUIS COUNTY. 


Ten specimens represent the ore mined by the Katahdin Iron Com- 
pany, taken October 15, 1880. 

(1) Limonite, commonly called bog o.e. (42160.) 

(2) Limonite. (4J349.) 

(3) Limonite. (42157.) 

(4) Limonite. (42158.) 

(5) Limonite, raw ore. (41350. ) 

(6) Roasted ore. (42156. ) 

(7) Pyrite, showing alteration to limonite, and representing the original source 
of the ore. (42159.) 

(8) Trap rock, occurring in connection with the ore, containing a large percent- 
age of sulphide of iron, considerably decomposed. (41351.) 

(9) Trap rock, containing pyrrhotite; probably the unaltered form of 41351. 
(43662. ) , 

(10) Trap rock, probably the non-pyritiferous portion of 41351. (42098. ) 


VERMONT. 
ADDISON COUNTY. 


(1) Limonite, surface ore, Moukton Mine, Monkton, October 23, 1880. (42099.) 
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RUTLAND COUNTY. 5 


(1) Granitic rock, containing magnetite. Bethel Iron Company’s Mine, Pittsfield, 
November 1, 1880. (41329.) 

(2) Magnetite sand, separated from 41329 by crushing and washing. Bethel Iron 
Company’s mine, Pittsfield. November 1, 1880. (42100.) 

(3) Limonite. Brandon Mine, Brandon. October 25, 1880. (41331.) 

(4) Limonite. Forrest Dale Mine. October 25, 1880. (41826.) 


WINDSOR COUNTY. 
(1) Siderite. Tyson Furnace, Plymouth. October 30, 1880, (43607.) 
MASSACHUSETTS. 
BERKSHIRE COUNTY. 


(1) Limonite. Chauncey Leet Mine, West Stockbridge. September 17, 1880. 
(42283. ) 

(2) Liionite. Goodrich Mine, West Stockbridge. September 17,1880. (42284.) 

(5) Impure limonite. Cone Mine, Richinond. (42285.) 

(4) Limonite. Cheever Mine, Richmond. September 18, 1880. (41548.) 

(5) Limouite. Bacon Mine, Richmond. September 18, 1880. (42286.) 


RHODE ISLAND. 


1) Magnetite, natural magnetic sand. Block Island. January 18, 1881. 
s yi 
(42097. ) 

PROVIDENCE COUNTY. 


(1) Magnetite, containing titanic acid. Cumberland Hill, Cumberland. Decem- 
ber 4, 1880. (42095. ) 
(2) Magnetite, containing titantic acid and quartz. Cumberland Hill, Cumber 
land. December 4, 1820, (42096.) 
CONNECTICUT. 


LITCHFIELD COUNTY. 
Twenty-four specimens represent the celebrated Salisbury district in 


Litchfield County, the first fifteen of which are from the Ore Hill Mine, 
taken September 6, 1880. 


(1) Limonite. (41544. ) (16) Limonite. Chatfield Mine. (41341.) 
(2) Limonite. (43694.) (17) Limonite. Chatfield Mine. (41338.) 
(3) Limonite. (41340.) (18) Limonite. Chatfield Mine. (42287 ) 
(4) Limonite. (41342. ) (19) Pyrolusite, and limonite. Davis 
(5) Limonite. (43599. ) Mine. (42288.) ' 
(6) Limonite. (43598.) (20) Limonite. Davis Mine. (41339.) 
(7) Limonite. (43693. ) (21) Limonite. Scoville Mine. (41343.) 
(8) Limonite. (43600.) (22) Limonite. Scoville, Mine. (42289.) 
(9) Limonite. (43601. ) (23) Limonite. Kent Mine. (41337.) 
(10) Limonite. (43689.) (24) Limonite, a conglomerate of dark 
(11) Limonite. (43695. ) colored limonite cemented by lighter 
(12) Decomposed slate from above the colored, with small crystals of quartz 
ore. (43688. ) in the crevices; not used as an ore, and 
(13) Slate from under the ore. (43692.) occurs in bunches through the deposit. 





(14) Slate from under the ore. (43691.) Kent Mine. (41356. ) 
(15) Slate from under the ore. (43690. ) | 
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NEW YORK. 
CLINTON COUNTY. 


Fourteen specimens represent the Chateaugay Mine, at Dannemora, 


taken June 8, 1881. 


(1) Magnetite, containing pyrite, and feldspar. (40846.) 
(2) Magnetite, containing quartz, and feldspar. (40850. ) 
(3) Magnetite, containing quartz, and feldspar. (43720.) 
(4) Impure magnetite, containing much pyrite. (65379.) 
(5) Magnetite, quartz, feldspar; furnace ore. (43720.) 
(6) Magnetite, and quartz; concentrating ore. (43719.) 
(7) Magnetite, and dark green silicates of iron; concentrating ore. (65378.) 
(8) Magnetite, scattered through a large amount of gangue. (40851.) 
(9) Gangue, fine grained, containing considerable magnetite. (43718.) 
(10) Gangue, containing some magnetite. (65380.) 
(11) Gangue, coarse grained, containing a little magnetite. (65381.) 
(12) Wall rock, gray... ‘‘ Williams Pit.” (43721.) 
(13) Wallreck, pink. ‘‘ Williams Pit.” (65383.) 
(14) Gangue, coarse crystals of feldspar, pyroxene, and quartz, containing a little 


magnetite. ‘‘ Williams Pit.” (43722.) 


Nine specimens represent the Arnold Hill Mine, Au Sable, taken June 


4, 1881. 
(1) Magnetite, containing a little apa- | (5) Martite. (40842.) 

tite. (40839. ) (6) Magnetite and quartz. (40833.) 
(2) Magnetite. (40838. ) (7) Magnetite and quartz. (40337.) 
(3) Magnetite and quartz. (40827.) (8) Rock, from dike. (40835. ) 
(4) Magnetite and quartz. (40831.) = (9) Rock, from wall. (40816.) 


(1) Magnetite, quartz, and feldspar. Palmer Hill Mine, Blackbrook. (40840.) 
ESSEX COUNTY. 


Twenty-seven specimens represent the Mount Moriah District, the 


first fifteen being from the Cheever Mine, Moriah; taken May 20, 1881. 


(1) Magnetite, containing apatite. (43760. ) 

(2) Magnetite, apatite, and quartz. (41960.) 

(3) Magnetite, containing apatite and calcite. (43762.) 

(4) Magnetite. (43759.) 

(5) Magnetite, pyroxene, apatite, and feldspar. (438756.) 

(6) Magnetite. (40897.) 

(7) Magnetite. (40899.) 

(8) Magnetite. (40907.) 

(9) Hanging wall, containing much magnetite. (43765.) 

(10) Granitice wall rock, containing considerable magnetite. (43757.) 

(11) Granitie wall rock, containing some magnetite. (43763.) 
(12) Granitic wall rock, containing much magnetite. (43761.) 
(13) Slickensides, from face of fault. (43764.) 
(14) Slate, from face of fault. (43758. ) 

(15) Slate, from face of fault. (43675. 
(16) Magnetite and quartz. New Bed Mine, May 27, 1881. (40904.) 
(17) Magnetite. Mineville Mine, “Old Bed”. July 7, 1881. (41965.) 
(18) Magnetite. Mineville Mine, ‘‘ Welsh Shaft”. July 7, 1881. (40893.) 
(19) Magnetite, apatite, decomposed feldspar. Mineville Mine, ‘‘Welsh Shaft”. 


July 1, 1881. (40896.) 
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(20) Maguetite and apatite. Mineville Mine, ‘‘Noland’s Shaft”. July 6, 1881. 
(40895, ) 

(21) Magnetite and apatite. Mineville Mine, ‘Potts Shaft”. July 7, 1881. 
41964, ) 

(22) Magnetite, cleavable, decomposed silicates; surface ore. Mineville Mine No. 
21. May 27, 1881. (40901.) 

(23) Magnetite, cleavable, decomposed silicates; surface ore. Mineville Mine No. 
21. May 27, 1881. (40900.) 

(24) Magnetite, shows cleavage. Mineville Mine No. 21. July 6, 1881. (40902.) 

(25) Magnetite, containing apatite. Mineville Mine, Miller Pit. July 6, 1881. 
(40905. ) 

(26) Magnetite, apatite, and quartz. Mineville Mine, ‘ Teft Shaft.” July 7, 1881. 
(40898. ) 

(27) Magnetite, containing apatite. Mineville Mine, ‘‘ Teft Shaft.” July 7, 1881. 
(40905. ) 

(28) Magnetite and quartz. Hammonville Mine, Crown Point. June 29, 1881. 
(40892. ) 

(29) Magnetite and quartz. Hammonville Mine No. 8, Crown Point. June 29, 
1881. (40894.) 

(30) Magnetite and quartz. Hammonville Mine, Crown Point. June 29, 1881. 
(40891. ) 


WASHINGTON COUNTY. 


(1) Magnetite, containing quartz. Potter Mine, Fort Ann. May 5, 1881. (40952.) 

(2) Magnetite and quartz. Potter Mine, Fort Ann, May 5, 1881. (40950.) 

(3) Magnetite, containing micaceous silicates. Mount Hope Mine, Fort Ann. May 
7, 1881. (40951.) 


ST. LAWRENCE COUNTY. 


Four specimens represent the Jayville Mine, Fine; taken June 22, 
1881: 


(1) Magnetite, pyroxene. (40857.) (3) Magnetite. (40855.) 
(2) Magnetite, pyrite. (40872.) (4) Magnetite. (40360. ) 


Five specimens represent the Gouverneur district; taken June 21, 
1881: 


(1) Hematite, quartz. Caledonia Mine, Fox Pit. (40853.) 

(2) Hematite. Caledonia Mine, Dillmann’s Pit. (40871.) 

(3) Hematite. Caledonia Mine, Dillmann’s Pit. (40859.) 

(4) Hematite, chalcopyrite, quartz. Caledonia Mine. (40861.) 
(5) Hematite, containing calcite. Keene Mine. (40853.) 


JEFFERSON COUNTY. 


Six specimens represent the Old Sterling Mine, Antwerg 


(1) Very impure hematite. June 23, 1881. (43745.) 

(2) Hematite, containing calcite. June 23, 1881. (43744.) 

(3) Hematite, quartz. June 23,1881. (43743.) 

(4) Hematite. June 21, 1881. (40869.) 

(5) Decomposed mica. June 20, 1881. (43741.) 

(6) Slickenside. June 20, 1881. (43742.) 

(1) Hematite. Shurtliff Mine, Philadelphia. June 22, 1881. (40825.) 
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ONEIDA COUNTY. 


Nine specimens represent the fossil ores of Oneida County, the first 
seven being from the Well’s Mine at Kirkland; taken June 16, 1881: 

(1) Hematite. (43752.) 

(2) Hematite, scattered grains in limestone. (43746.) 

(3) Hematite. (43749.) 

(4) Hematite. (40935.) 

(5) Hematite. (43747.) 

(6) Hematite, containing some calcareous fossils. (43748.) 

(7) Hematite, calcite, and pyrite. (43754.) 

(8) Hematite, containing many calcareous fossils. Klein’s Mine, Verona. (40941.) 

(9) Hematite, containing pyrite. Kirkland Iron Company’s Mine, Westmoreland. 


(40936. ) 
WAYNE COUNTY. 


Two specimens represent the fossil ore of Wayne County, Ontario : 


(1) Hematite. Bundy’s Mine. June 17,1881. (40947.) 
(2) Hematite. Hurley’s Mine. June 17, 1881. (40949.) 


COLUMBIA COUNTY. 


(1) Limonite. Copake Mine, Copake. September 2, 1880. (40876.) 
(2) Siderite. Hudson River Spathic Iron Company’s Mine, Catskill Station. Sep- 
tember 21, 1880. (40577.) 
DUTCHESS COUNTY. 


Five specimens represent the Manhattan Mine at Sharon Station; 
taken August 28, 188L: 


(1) Limonite. (40864.) 

(2) Limonite. (40880.) 

(3) Limonite. (40881. ) 

(4) Impure limonite. (40889.) 

(5) Limonite. (40888.) 

(1) Limonite. Little Pond Mine, Pawling. August 23, 1880. (40885. ) 

(2) Siderite and limonite. Amenia Mine, Amenia. August 26, 1880. (40882.) 
(3) Limonite. Amenia Mine, Amenia. August 26, 1880. (40884.) 

(4) Limonite. Dover Furnace, Dover. August 25, 1880. (40875.) 

(5) Limonite. Clove Spring Mine, Union Vale. August 24, 1880. (40886. ) 


PUTNAM COUNTY. 


Thirty specimens represent the complex and interesting ore of the 
Tilly Foster Mine at Southeast; taken August 20, 1880: 


(1) Magnetite. (43726.) 
(2) Magnetite, containing serpentine and decomposed products. (40793.) 
(3) Magnetite. (43724.) 
(4) Magnetite. (43732.) 
o (5) Magnetite, chondrodite, decomposed products. (43730.) 
(6) Magnetite, chloritic material. (40790.) 
(7) Magnetite. (40792.) 
(8) Magnetite, chlorite. (40801.) 
(9) Magnetite, serpentine, pyrrhotite. (40797.) 
(10) Magnetite, a mixture of large cleavable grains with fine granular, next to 
hanging wall. (40806. ) 
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(11) Magnetite, serpentine, decomposed products ; from centre of vein. (40804. ) 
(12) Magnetite. (40798. ) 
(18) Magnetite, containing serpentine, »nd decomposition products. (40805.) 
(14) Magnetite. (40802. ) 
(15) Magnetite. (40803.) 
(16) Magnetite, serpentine, decomposition products. (40826.) 
(17) Magnetite, chlorite. (40802. ) 
(18) Magnetite, chondrodite, decomposition products. (40817.) 
(19) Magnetite. (40799.) 
(20) Magnetite, chlorite. (40800. ) 
(21) Magnetite and chondrodite. (40807.) 
(22) Gangue, containing some magnetite. (40791.) 
(23) Chloritic rock, containing a little magnetite. (40796.) 
(24) Chloritic rock. (43731.) 
(25) Chlorite, showing slickenside, from hanging wall. (43728.) 
(26) Chloritic rock, from foot wall. (43733. ) 
(27) Chloritic rock, from foot wall. (43723. ) 
(28) Country rock. (43735. ) 
* (29) Country rock. (43729.) 
(30) Country rock. (40789.) 


ORANGE COUNTY. 


The magnetites of Orange County are represented by seven speci- 
mens: 

(1) Magnetite, containing pyrite and chalcopyrite. Hogay Camp Mine, Monroe. 
July 8, 1880. (40910.) 

(2) Magnetite, cleavable. Hogan Camp Mine, Monroe. July 8, 1880. (40917.) 


(3) Magnetite, containing pyrrhotite, chalcopyrite, and chlorite. Redback Mine, 
Monroe. June 22, 1880. (40919.) 


(4) Magnetite, quartz, feldspar. Forest of Dean Mine, Monroe. July 9, 1880. 
(40924.) 


(5) Magnetite, fine grained. Forest of Dean Mine, Monroe. July 9, 1880. (40926. ) 


(6) Magnetite, quartz, feldspar. Forest of Dean Mine, Monroe. July 9, 1880. 
(40913. ) 


(7) Impure magnetite. Lake Mine, Warwick. June 22. 1880. (40920. ) 
RICHMOND COUNTY. 


The ores on Staten Island, Richmond County, are represented by 
eight specimens, the first four from Tyson’s Four Corners Mine, and the 
last four from Tyson’s Hill Mine, taken July 31, 1880: 





(1) Limonite. (40933. ) (1) Serpentine, below the ore. (40934.) 
(2) Limonite. (40930. ) (2) Limonite, small, globular. (40932.) 
(3) Limonite, red ochre; used for paint. | (3) Limonite. (40929.) 

(40606. ) (4) Limonite. (40931.) 
(4) Limonite, red ochre; used for paint. 

(40953. ) 
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NEW JERSEY. 


SUSSEX COUNTY. 


(1) Magnetite, containing quartz. Roberts Mine, Sparta. April 17,1880. (41454.) 
(2) Magnetite. Roberts Mine, Sparta. April 17, 1880. (41457.) 
(3) Magnetite, containing quartz. Roberts Mine, Sparta. April 17, 1880. (41453.) 
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(4) Magnetite, quartz, decomposed feldspar, pyrite. Davenport Mine, Sparta. 
April 17, 1880. (41459. ) 

(5) Magnetite. Pardee Mine, Sparta. April 17, 1880. (41458.) 

(6) Magnetite, pyrrhotite. Hude or Stanhope Mine, Byram. April 27, 1880. 
(41445. ) 

(7) Magnetite. Hude or Stanhope Mine, Byram. April 27, 1880. (41443.) 

(8) Magnetite, surface specimen, Hude or Stanhope Mine, Byram. April 27, 1580. 
(41444. ) 

Nine specimens represent the Andover Mine, at Andover, taken 


March 6, 1880: 


(1) Magnetite, surface specimen. (41463.) 

(2) Magnetite, containing quartz and pyrite. (41464.) 

(3) Maegnetite, pyrrhotite. (41462.) 

(4) Magnetite, decomposed. (41465. ) 

(5) Magnetite. (41461.) 

(6) Magnetite, pyrrhotite. (41460. ) 

(7) Magnetite, pyrrhotite. (40608.) 

(8) Magnetite and dolomite, containing pyrite and graphite. (40641.) 

(9) Magnetite, roasted. (40587.) 

(1) Impure magnetite. Glenden Mine, Green, March 2, 1880. (40630.) 

(2) Magnetite, quartz, feldspar. Glenden Mine, Green, March 2, 1880. (40626.) 

(3) Magnetite, chloritic material. Hill Mine, Franklin Furnace. March 10, 1880. 
(41452. ) 

(4) Magnetite, quartz, decomposed feldspar, pyrrhotite and graphite. Fnrnace 
Vein Mine, Franklin Furnace. March 12, 1880. (41449.) 

(5) Magnetite, feldspar, chalcopyrite and graphite. Furnace Vein Mine, Franklin 
Furnace. March 10, 1880. (41494.) 


PASSAIC COUNTY. 


{1) Magnetite. Peters Mine, Pompton. June 18, 1880. (40649.) 

(2) Magnetite, quartz. Peters Mine, Pompton. February 9, i880. (40632.) 

(3) Magnetite, quartz, feldspar. Cannon Mine, Pompton. June 1, 1880. (40657.) 
(4) Magnetite. Hope Mine, Pompton. June 18, 1880. (40645.) 

(5) Magnetite. Hope Mine, Pompton. June 18, 1880. (40658.) 


MORRIS COUNTY. 


Ten specimens represent the Hacklebarney Mine at Chester; taken 
May 8-10, 1880: 


(1) Magnetite, pyrrhotite. (41475.) | (5) Magnetite. (40579.) 

(2) Magnetite, pyrrhotite. (41477.) | (6) Magnetite, pyrrhotite. (41478.) 
(3) Magnetite, containing pyrite, and | (7) Magnetite, pyrrhotite. (40568.) 
chlorite. (41479.) | (8) Impure magnetite. (40614.) 

(4) Magnetite, containing much pyrite. (9) Magnetite, pyrrhotite. (40570. ) 

(41480.) (10) Magnetite, pyrrhotite. (41476.) 


Six specimens represent the Byram Mine at Randolph; taken May 
21, 1880: 


(1) Magnetite, quartz, feldspar. (40553.) | (4) Magnetite, containing quartz and 
(2) Magnetite, decomposed feldspar. feldspar. (40595. ) 
(40598. ) (5) Magnetite, feldspar. (40627. ) 
(3) Magnetite, coarsely cleavable. | (6) Magnetite, and decomposed silicates. 
(40596. ) | (40593. ) 
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Six specimens represent the Glendon Mine at Rockaway; taken 
June 10, 1880: 
(1) Magnetite. (40564.) 
(2) Magnetite. (40648. ) 
(3) Impure magnetite. (40567. ) 


(4) Magnetite. (40562.) _ 
(5) Magnetite. (40566. ) 
(6) Magnetite. (40558. ) 





Five specimens represent the Andover Mine at Rockaway; taken 
June 11, 1880: 


(1) Magnetite, containing chlorite and | (4) Magnetite, feldspar. (40659.) 
quartz. (40559.) (5) Magnetite, coarsely cleavable. 

(2) Impure magnetite. (40646. ) | (40561. ) 

(3) Impure magnetite. (40560. ) 





(1) Magnetite, chlorite. Willis Mine, Rockaway. June 11, 1880. (40563. ) 
(2) Magnetite. Willis Mine, Rockaway. June 11, 1880. (40565.) 


Five speimens represent the Mount Hope Mine at Rockaway ; taken 
June 4, 1880: 


(1) Magnetite, and feldspar. (40549.) | (4) Magnetite (40552. ) 
(2) Magnetite, and feldspar. (40550.) (5) Magnetite, feldspar, quartz, and de- 
(3) Magnetite, and feldspar. (40548. ) composed micaceous material. (40547. ) 


(1) Magnetite, quartz, andfeldspar. Richard Mine, Shaft No. 7, Rockaway. June 
1, 1880. (40557. ) 

(2) Magnetite, quartz, and feldspar. Richard Mine, Shaft No. 3, Rockaway. June 
1, 1880. (40556.) 

(3) Impure magnetite. Richard Mine, Shaft No. 3, Rockaway. June 1, 1880. 
(40554. ) 

(4) Magnetite, containing quartz and feldspar. Richard Mine, Shaft No. 7, Rocka- 
way. June 3, 1880. (40555. ) 

(5) Magnetite, and decomposed silicates, surface ore. Baker Mine, Randolph. May 
28, 1880. (40625.) 

(6) Magnetite, quartz, and decomposed feldspar. Baker Mine, Randolph. May 
25, 1880. (40577.) 

(7) Magnetite, pyrrhotite. Samson Mine, Chester. May 11, 1880. (41481.) 

(8) Decomposition products, surface ore. Taylor Mine, Chester. May 11, 1880. 
(40612. ) 

(9) Magnetite. Hurd Mine, Jefferson. April 20. 1880. (41470.) 

(10) Magnetite. Hurd Mine, Jefferson. Apri] 20, 1880. (41469.) 

(11) Magnetite, coarse, granular. Hurd Mine, Jefferson. April 20, 1880. (41466.) 

(12) Magnetite, decomposed silicates, surface specimen. Mount Olive Mine, Mount 
Olive. April 28, 1880. (41472.) 

(13) Magnetite, decomposed feldspar. Mount Olive Mine, Mount Olive. April 28, 
y880. (41474.) 

(14) Magnetite, pyrrhotite. Mount Olive Mine, Mount Olive. April 28, 1880. 
(41473.) 

WARREN COUNTY. 

(1) Limonite. Shields Mine, Mansfield, April 28, 1880. (41432.) 

(2) Limonite. Shields Mine, Mansfield. April 28, 1880. (41433.) 

(3) Siliceous clay. Shields Mine, Mansfield. April 28, 1886. (41426.) 


Four specimens represent the ore at Oxford Furnace, New Mine, 
taken February 10, 1850: 


(1) Magnetite. (41434. ) | (3) Magnetite. (41436.) 
(2) Impure magnetite. (41435.) | (4) Impure magnetite. (41437.) 
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(1) Impure magnetite. Pequest Mine. February 10, 1880. (40637.) 
(2) Impure magnetite. Kishpaugh Mine. February 12, 1880. (41440.) 
(3) Magnetite. Kishpaugh Mine. February 12, 1880, (41441. ) 

(4) Magnetite. Kishpaugh Mine. February 12, 1880. (40607. ) 


HUNTERDON COUNTY. 


Six specimens represent the Hayer Mine at Holland, taken May 4, 
1880: 


(1) Magnetite, surface specimen. (41490.) 

(2) Magnetite, decomposed products, surface specimen, (41487.) 

(3) Magnetite, surface specimen. (41491.) 

(4) Magnetite, eranular, surface specimen. (41488. ) 

(5) Magnetite, surface specimen. (41492. ) 

(6) Magnetite, surface specimen. (41489. ) 

(1) Magnetite, quartz, decomposition* products. Gray’s Mine, Lebanon. May 3, 
1880. (40653.) 

(2) Magnetite, pyrrhotite, quartz, decomposition products. Gray’s Mine, Lebanon. 
May 3, 1880. (40605.) 

(3) Decomposed magnetite, and quartz, surface specimen. Gray’s Mine, Lebanon, 
May 3, 1880. (40636.) 

PENNSYLVANIA. 


LEHIGH COUNTY. 
Four specimens represent the Balliet Brothers Mine, at Whitehall, 
taken October 19, 1881: 


(1) Limonite. (40692. ) 
(2) Impure limonite, liver ore. (40700. ) 
(3) Limonite, commonly called pipe ore. (40697.) 


(4) Limonite. (40703.) 
BERKS COUNTY. 


Ten specimens represent the Warwick mine at Boyerstown, taken 
July 2, 1881: 

(1) Magnetite, and calcite containing pyrite. (41884. ) 

(2) Magnetite, pyrite crystallized, calcite crystallized. (41885. ) 

(3) Calcite, pyrite. (41886.) 

(4) Decomposed epidote rock. (43700.) 

(5) Rock. (43699.) 

(6) Chloritic rock, from upper level. (43698.) 

(7) Rock, hanging wall of upper vein. (43595.) 

(8) Chloritic rock, from bottom of shaft. (43594.) 

(9) Argillaceous rock, from lower level. (40676.) 

(10) Selvage between ore and hanging wall, bottom level. (43697.) 


Seven specimens represent the Fritz Island Mine, near Reading ; 
taken June 24, 1881: 


(1) Magnetite, pyrite, and calcite. (41877. ) 

(2) Magnetite, containing much pyrite. (41578.) 
(3) Impure magnetite. (41879.) 

(4) Foot wall. (41880.) 

(5) Hanging wall. (41881.) 

(6) Hanging wall. (41882.) 

(7) Rock, from bet veen the ore bodies. (41883.) 
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Eleven specimens represent the French Creek Mine: 

(1) Magnetite, pyrite, and caleite. Shaft No. 1. (41907.) 

(2) Magnetite, micaceous, pyrite undergoing decomposition. ShaftNo.1. (41894.) 
(3) Magnetite, pyrite, and calcite. Shaft No.1. (41895.) 

(4) Granitic rock, hanging wall. Shaft No. 1. (43611.) 

(5) Calcite, inclosing granite rock, hanging wall. Shaft No. 1. (43610.) 

(6) Trap rock, in west wall. (43612.) 

(7) Quartzite, east wall. Shaft No. 1. (43856. ) 

(8) Granitic rock, foot wall. Shaft No.1. (43609.) 

(9) Magnetite, containing calcite, and pyrite. Shaft No. 2. (41908.) 
(10) Magnetite, pyrite crystals, octahedrons, chloritic material. Shaft No. 2. 

(40639. ) 

(11) Hanging wall. Shaft No. 2. (40690.) 


Three specimens represent the Barto Mine, at Barto, taken July 5, 
1881 : 


(1) Magnetite, containing pyrite. (41892.) 
(2) Granite rock, showing slickensides, wall rock. (41893.) 
(3) Epidote rock. (40686. ) 


Five specimens represent the Hopewell Mine, at St. Mary’s, taken 
July 135, 1881: 


(1) Magnetite, containing octahedral crystals. (41897.) 

(2) Magnetite, containing pyrite, and calcite. (41898. ) 

(3) Quartzite, foot wall. (41938.) 

(4) Granitic rock, coarse; wall rock. (41940. ) 

(5) Trap rock. (419389.) 

(1) Limonite, pipe ore. Frank Brownback Mine, Long Swamp. October 18, 
1280. (40709.) 

(2) Magnetite, pyrite, decomposed silicates; immediately below the limestone, 
Jones Mine. (41905.) 

(3) Magnetite, pyrite, chalcopyrite, and dolomite. Jones Mine. (41909.) 

(4) Magnetite, quartz, and feldspar. Mine Hill Mine, Durham. October 20, 1880. 
(40706. ) 

CHESTER COUNTY. 


Four specimens represent the Stautfer’s Mine, at West Vincent, taken 
June 22, 1881. 


(1) Limonite, geode. (40698. ) 

(2) Limonite. (40682. ) 

(3) Limonite, cementing quartz pebbles. (41936.) 
(4) Limonite and quartz. (40711.) 


LEBANON COUNTY. 


Ten specimens represent the Great Cornwall Mines, taken June 18, 
1881. 


(1) Magnetite, containing much pyrite. (42297.) 

(2) Impure banded magnetite, with pyrite. (40684.) 

(3) Magnetite, containing pyrite. (41902. ) 

(4) Magnetite, containing pyrite, and decomposed silicates. (43712.) 
(5) Impure magnetite, pyrite. (43716.) 

(6) Calcite. (41903.) 

(7) Pyrite, crystallized, with magnetite. (40680.) 
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(8) Limestone, associated with ore. (43714.) 
(9) Trap rock. (43708.) 
(10) Hydro-mica slate, associated with the ore. (41901.) 


LANCASTER COUNTY. 
(1) Limonite. Chestnut Hill Mine, West Hempfield. October 10, 1881. (40673.) 
LYCOMING COUNTY. 
(1) Hematite, fossil ore. P. H. Hayes’ Mine, Cogan Station. October 5, 1881. 
(41955. ) 7 
(2) Hematite, fossil ore. P. R. Hayes’ Mine, Cogan Station. October 5, 1851. 


(40663. ) 
MONTOUR COUNTY. 


(1) Hematite, commonly called block ore. Danville Mine. October 5, 1831. 
(41923. ) 

(2) Hematite, commonly called block ore. Danville Mine. October 5, 1831. 
(41924.) 

(3) Hematite, calcite; limestone ore. Danville Mine. October 5, 1881. (41925.) 


SNYDER COUNTY. 


(1) Hematite, bird’s eye fossil ore. Kreamer Station. October 5, 1881. (40662.) 
(2) Hematite, fossil ore. Beavertown Mine. October 5, 1831. (41950.) 


YORK COUNTY. 


(1) Magnetite, containing much pyrite. Longnecker Mine, near Dillsburgh. July 
20,1881. (40671.) 
(2) Impure magnetite, pyrite, aud calcite.’ Longnecker Mine, near Dillsburgh. 
July 20, 1881. (41918.) 

(3) Limonite. Fritz Mine, York. Jnly 16, L881. (41910.) 

(4) Limonite. Fritz Mine, York. July 16, 1881. (41911.) 

(5) Impure magnetite. Codorns Mine, Hanover Junction. July 18, 1831. (40687.) 

(6) Hematite, containing crystals of altered magnetite. Marrire. Codorus Mine, 
Hanover Junction. July 18, 1881. (40660.) 

(7) Decomposed tock, showing casts of crystals of magnetite. Codorus Mine, Han- 
over Junction. July 18, 1881. (40668.) 

(8) Hydro-mica slate. Codorus Mine, Hanover Junction. July 15, 1381. (41915.) 


CUMBERLAND COUNTY. 


(1) Limonite, pipe ore. Carlisle Mine, South Middleton. October 18, 1881. 
(40664. ) 

(2) Limonite. Carlisle Mine, South Middleton, October 7, 1881. (40694.) 

(3) Limonite. Pine Grove Mine No. 1, Cooke. October 7, 1831. (41954.) 


HUNTINGDON COUNTY. 


(1) Limonite. Sandy Ridge Mine, Cromwell. October 4, 1831. (41945.) 
(2) Limonite. Sandy Ridge Mine, Cromwell. October 4, 1881. (41944.) 
(3) Roasted ore. Sandy Ridge Mine, Cromwell. October 4, 1881. (41943.) 
(4) Limonite. Douglass Mine, Shirly. October 4, 1881. (41942.) 


BLAIR COUNTY, 


(1) Siliceous limonite. Springfield Mine, Huston. September 29, 1881. (41926.) 
(2) Hematite, fossil ore. Frankstown Miue, Frankstown. September 29, 1881. 
(41927. ) 


126 BULLETIN 42, UNITED STATES NATIONAL MUSEUM. 


(3) Impure limonite. Bloomfield Mine, Taylor. September 30, 1881. (41928.) 
(4) Impure limonite. Bloomfield Mine, Taylor. September 30, 1881. (41929.) 
(5) Roasted ore. Bloomfield Mine, Taylor. September 30,1881. (41930. ) 


BEDFORD COUNTY. 


(1) Hematite, containing calcite. Hard fossil ore. Walter's Mine, Bedford. Sep- 
tember 28, 1881. (40666. ) 
(2) Hematite. Soft fossil ore. Yatesville Mine, Hopewell. September 28, 1851. 


(41941.) 
FAYETTE COUNTY. 


(1) Siderite. Dunbar Mine, Dunbar. September 27, 1881. (41933.) 
(2) Roasted siderite. Dunbar Mine, Dunbar. September 28, 1881. (41932.) 
(8) Siderite. Beauvaller Mine, Dunbar. September 28,1881. (41931.) 


DELAWARE. 
NEW CASTLE COUNTY. 


(1) Limonite. Iron Hill Mine. April 20,1881. (42254.) 
(2) A brick made by washing, pressing, and burning the raw ore. East Chestnug 
Hill Mine. April 20,1881. (42255.) 


MARYLAND. 
BALTIMORE COUNTY, 


(1) Siderite and limonite. Jacob Smith’s Mine, April 30,1881. (42223.) 
(2) Siderite. Spring Garden Mine. Baltimore. January 14, 1881. (42222.) 
(3) Limonite. Green Springs Mine. May, 1881. (42237.) 

(4) Limonite. J.Odenso’s Mine. May, 1881. (42230.) 

(5) Siderite. Hone ore. Furstenburg Mine. April 30,1581, (42224.) 

(6) Limonite, fibrous coating of cavity. Oregon Mine. May, 1381. (42236.) 


ANNE ARUNDEL COUNTY. 
(1) Impure limonite. Mitchell’s Mine. May, 1881. (42204.) 


HOWARD COUNTY. 


(1) Impure limonite. Hanover Switch Mine, Hanover. January 7, 1881. (42239.) 
PRINCE GEORGE’S COUNTY. 


(1) Limonite. Frieb & Millbrook’s Mine. May 1, 1881. (42213.) 
(2) Limonite. James O’Brien Mine. May, 1881. (42215.) 


CARROLL COUNTY. 


(1) Magnetite, containing quartz. Springfield Mine, near Sykesville. May, 1881. 
(42246. ) 
(2) Limonite. Avondale Mine, near Westminster, May, 18381. (42243.) 


FREDERICK COUNTY. 
(L) Limonite. Grim’s Mine, near New Midway. June, 1881. (42219.) 
ALLEGANY COUNTY. 


(1) Limonite, Bowery Mine, near Borden Shaft, June, 1881, (41352.) 
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VIRGINIA. 
NELSON COUNTY. 
(1) Hematite and magnetite. Greenway Mine,Greenway. May 7,1880. (40383.) 
AMHERST COUNTY. 


(1) Hematite and magnetite. Adams & Scott’s Mine, vein No. 13, Riversville. 
May 6, 1880. (40395.) 

(2) Hematite and magnetite, containing opal. Stapleton Mine, Stapleton. April 
28, 1880. (40381.) 
; CAMPBELL COUNTY. 


(1) Limonite, containing quartz. Williams’ Mine. June 10, 1580. (40386. ) 
FRANKLIN COUNTY. 
(1) Magnetite. Rocky Mount Mine, Rocky Mount. May 26, 1880. (40396.) 
PITTSYLVANIA COUNTY. 


(1) Limonite, containing much manganese. Pittsville Mine. May 27, 1880. 
(41323.) 
SHENANDOAH COUNTY. 
(L) Limonite, containing manganese. West Mine,near Van Buren Furnace. Au- 
gust 10, 1880. (43783.) 
(2) Limonite. Hollow Mine. August 12, 1880. (42132.) 
_ (3) Limonite.. Three Top Mountain Mine. August 11, 1880. (42127.) 


ROCKINGHA*: COUNTY. 


(1) Limonite. Fox Mountain Mine. August 5, 1880. (42120.) 
(2) Limonite. Raines & Weaver Mine. August 16, 1880. (42123.) 


AUGUSTA COUNTY. 


(1) Limonite. Ferrol Mine, Ferrol. July 29, 1880. (42152.) 
(2) Limonite. Mt. Torrey Furnace Mine. July 30, 1820. (42155.) 
(3) Limonite. Buttalo Gap Mine. July 28, 1880. (42151.) 


ALLEGHANY COUNTY. 


(1) Limonite. Hudleson’s Mine, near Covington. December 4, 1880. (42113.) 
(2) Limonite. Dolly Ann Furnace, near Covington. December 18, 1880. (42119.) 


Four specimens represent the Lowmoor Mine, at Lowmoor; taken 
July 21, 1880: 


(1) Limonite. (43794.) (3) Limonite. (43782.) 

(2) Limonite. (43795. ) (4) Limonite. (42106.) 

(1) Limonite. Lucy Selina Furnace. July 14, 1880. (40417.) 

(2) Limonite. Lucy Selina Furnace. July 14, 1880. (42101.) 

(3) Limonite. Lucey Selina Furnace. July 14, 1880. (40416.) 

(4) Hematite, fossil ore. Quinnemont Mine, Clifton Forge. July 19, 1880. 
(42104. ) 

BOTETOURT COUNTY. 

(1) Hematite, containing much quartz. Arcadia Mine, near Buchanan. July, 1880, 
(43787.) 

(2) Limonite. Arcadia Furnace Mine. July 7, 1880. (40411.) 

(3) Limonite, Salisbury Furnace, near Saltpetre Cave, November 30, 1880, 
(A215. ) 
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PULASKI COUNTY. ° 
(1) Limonite. Rich Hill Mine, Allisonia. June 22, 1830. (40403.) 
WYTHE COUNTY. 


(1) Limonite. Glade Mine, near Wytheville. June 23, 1836. (40399.) 
(2) Limonite. Noble Mine, near Brown Hill Forge. July 1, 1880. (42139.) 
(3) Limonite, containing quartz. Chadwick Mine, near Brown Hill Furnace. 
(48791.) 
(4) Limonite. Carter Furnace, near Wytheville. June 21, 1880. (40404.) 
NORTH CAROLINA. 
ROCKINGHAM COUNTY. 
(1) Impure magnetite. Dannemora Mine near Brown's Summit. (43597.) 


STOKES COUNTY. 


(1) Magnetite. Roger’s Mine, Danbury. (41283.) 
(2) Impure magnetite. Roger’s Mine, Danbury. (41286.) 


SURRY COUNTY. 


(1) Magnetite, and decomposed silicates. Ferris Mine, near Hyatt’s Forge. (43864.) 
(2) Magnetite, obtained by crushing and washing No. 43864. Hyatt’s Mine, Bull 
Run Creek. March 22, 1880. © (41261.) 


ASHE COUNTY. 


(1) Impure magnetite. N. B. Ballow’s Mine, Helton Creek. July 22, 1880. (41218.) 
(2) Magnetite. J. Graybeal’s Mine, Horse Creek. July 21, 1880. (41209.) 


MITCHELL COUNTY. 


(1) Impure magnetite. Cranberry Mine. May 31, 1880. (41188.) 
(2) Magnetite. [ron Mountain Mine. May 4, 1830. (41288.) 


CHEROKEE COUNTY. 
(1) Limonite. Section No. 6, near Murphy. May 11, 1880. (41203.) 


GASTON COUNTY. 





(1) Limonite, containing quartz. Mine Mountain Mine, near King’s Mountain, 
April L0, 1880. (41183.) 

(2) Martite, sesquioxide of iron pseudomorph after magnetite. Surface ore. 
Crowder’s Mountain Mine, April 12, 1880. (41208.) 


CHATHAM COUNTY. 
(1) Siderite, containing carbonaceous matter; blackband ore. Horton’s Coal Mine, 
Gulf. (43873.) 
(2) Limonite. Ore Hill Mine, 90-foot shaft. (41282.) 
(3) Hematite. Smith Mine, Lockville. (43865. ) 


NASH COUNTY. 


(1) Limonite. Bloomasy Mine, vear Wilson. (41285.) 
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GERORGIA. 
FANNIN COUNTY. 
(1) Turgite. Jarrett’s Mine, near Morgantown. May 13,1880. (40473.) 
MURRAY COUNTY. 


(1) Limonite, containing quartz. Calico Mine, Aliculsic Valley. June 15, 1880. 
(40463. ) 
(2) Limonite. Harris Mine, near Spring Place. June 11, 18380. (40467.) 


WILTFIELD COUNTY. 
(1) Hematite, fossil ove. Holland’s Mine, near Dalton. June 13, 1880. (40469.) 


FLOYD COUNTY. 


(1) Limonite. Ridge Valley Furnace, near Rome. June 1, 1380. (40483.) 
(2) Limonite. Ridge Valley Mine, near Rome. June 2, L880. (40476.) 


BARTOW COUNTY. 


(1) Manganese ore. Manganite. Black Mine, Cartersville. June 7, 1380. (40527.) 
(2) Mauganese ore. Manganite. Dobbins Mine, near Cartersville. June 7, 1880. 
(40509. ) 
(3) Manganese ore. Manganite. Dobbins Mine, near Cartersville. June 7, 1880. 
(40532. ) 
(4) Manganese ore. Impure manganite. Chumbler Hill Mine, near Cartersville. 
June 7, 1880. (42293.) 
(5) Manganese ore. Impure manganite. Cooper Mine. June 8, 1880. (40517.) 
( (6) Manganese ore. Impure manganite. Moccasin Mine, near Cartersville. June 
W 7, 180. (42294. 
4 (7)-Manganese ore. Impure manganite. Stephens Mine, near Cartersville. June 
8, 1880. (40528.) 
(8) Hematite; specular ore. Gray Mine, Cartersville. June 8, 1880. (40514.) 
{9) Limonite. Wheeler Mine, near Bartow Furnace. May 24, 1880. (40541.) 
(10) Limonite. Crow Mine, near Wheeler’s Bank. May 20, 1880. (40487. ) 
(11) Limonite. Crow Mine, near Wheeler’s Bank. May 20, 1880. (40489.) 
(12) Limonite. Crow Mine, near Wheeler’s Bank. May 20, 1820. (404835.) 
(13) Limonite. Bartow Furnace, near Cartersville. May 24, 1880. (40539.) 
(14) Limonite. Bartow Furnace, near Cartersville. May 24, 1880. (40526.) 
(15) Limonite. Etowah Mine, near Cartersville. June 7, 1880. (40512.) 
(16) Turgite. Wild Cat Mine, near Cartersville. May 21, 1830. (40531.) 
(17) Limonite. Big Mine. May 21, 1830. (40544.) 
(18) Limonite. Connor Mine. May 21, 1880. (40543. ) 
(19) Limonite. Peach Tree Mine, near Diamond Furnace. May 21, 1880. (40504.) 


POLK COUNTY. 
(1) Impure limonite. Fisher’s Creek Mine, near Cedartown. May 29,1850. (40479.) 
(2) Limonite. Peek Mine, Cedartown. May 28, 1880. (40484. ) 
(3) Limonite. Peek Mine, Cedartown. May 28, 1880. (40482. ) 
(4) Limonite. Pennington Mine, Etna Furnace. May 31, 1880. (40495.) 
+ (5) Limonite. Wood’s Mine, Cedartown. May 27, 1880. (40497.) 
(6) Limonite. Wood’s Mine, Cedartown. May 27, 1880. (40496.) 


CHEROKEE COUNTY. 


(1) Limonite, containing quartz, Donaldson’s Mine, near Canton. May 18, 1°80, 
(40482. ) 
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ALABAMA. 
CHEROKEE COUNTY. 


(1) Limonite. Tecumseh Mine. February 23, 1880. (43608.) 

(2) Limonite. Jacksonville Mine, Tecumseh. February 23, 1880. (41136.) 
(3) Limonite. Harden Mine, Rock Run. February 24, 1880. (41129.) 

(4) Limonite. Stonewall Mine, February 23, 1880. (41139.) 

(5) Hematite, fossil ore. Round Mountain Mine. March 5, 1880. (41123.) 


ETOWAH COUNTY. 


(1) Hematite, fossil ore. Atalla Mine. March 9, 1880. (41106.) 

(2) Hematite, calcite. Atalla Mine. March 9, 1880. (41125.) 

(3) Hematite, fossil ore. Rising Fawn Mine, Atalla. March 6, 1880, (41120.) 
(4) Hematite, fossil ore. Pittsburg Mine. (41178.) 


CALHOUN COUNTY. 


(1) Limonite. Pendergrass Mine, near Oxford. April 12, 1880. (41162.) 


ST. CLAIR COUNTY. 


(1) Hematite, fossil ore. St. Clair Mine. February 9, 1880. (41148.) 


TALLADEGA COUNTY. 


(1) Limovite. Alabama Company’s Mine. February 19, 1580. (41112.) 

(2) Limonite. Clifton Mine. February 20, 1880. (41101.) 

(3) Limonite. Clifton Mine. ° February 20, 1880. (41115. ) 

(4) Limonite. Caldwell Mine, Clifton. February 20, 1880. (4115e.) 

(5) Limonite. Seay Mine. February 20, 180. (41130.) 

(6) Limonite. Seay Mine, Alabama Furnace. February 20, 1830. (41113.) 

; JEFFERSON COUNTY. 

(1) Hematite, called fossil ore. Eureka Mine. February 4, 1880. (41146.) : 

(2) Hematite. Eureka Mine, Eureka. February 4, 1880. (41127.) 

(3) Hematite, fossil ore. Red Mountain Mine. February 8, 1880. (40019.) 

(4) Hematite, fossil ore. Red Mountain Mine. February 8, 1880. (41145.) 

(5) Hematite, fossil ore. Potter’s Mine. February 28, 1880. (41104.) 

(6) Siderite, containing carbonaceous matter; blackband ore. New Castle Mine, 
New Castle. February 6, 1880. (41138. ) 


SHELBY COUNTY. 
(1) Limonite. Shelby Mine. February 18, 1880. (41140.) 
(2) Limonite, in long fibers. Shelby Mine. February 18, 1880. (41111.) 
TUSCALOOSA COUNTY. 
(1) Hematite, fossil ore. Alice Furnace. February 14, 1880. (41102.) 
(2) Impure limonite. Tuscaloosa Mine. February 14, 1880. (41154.) 
BIBB COUNTY. 
(1) Limonite. Edwards Mine. February 13, 1880. (41122.) 
(2) Limonite. Edwards Mine. -February 13, 1880. (41157.) 
FRANKLIN COUNTY. 


(1) Limonite. Russellville. April 13, 1881. (41164.) 
(2) Limonite, Russellville. April 13, 1881. (41103.) 
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LAMAR COUNTY. 
(1) Limonite. Otd Iron Works, near Vernon. April 16, 1881. (41170.) 
TENNESSEE. 
JOHNSON COUNTY. 


(1) Limonite. Baker Mine, Roane Creek. July 25, 18e0. (41996. ) 

(2) Limonite. Laurel Fork Mine, near Taylorsville. July 24, 1880. (41988.) 

(3) Limonite. Donnelly’s Mine, Shaun’s Cross Roads. July 24, 1830. (41991.) 

(4) Limonite. Mountain Mine, Little Doe Creek. July 20, 1830. (41981.) 

(5) Manganese ore. Manganite. Silver Mine, Shady Valley. July 20, 1880. 
(42003. ) i 

(6) Limonite. Washington Place Mine, Little Doe Creek. July 19,1880. (41976.) 


SULLIVAN COUNTY. 
(1) Limonite. Crockett Mine, near Bristol. July 28, 1880. (42080.) 
CARTER COUNTY. 


(1) Limonite. Blevin’s Mine, near Stony Creek. July 29,1880. (42020.) 

(2) Manganese ore. Manganite. Cedar Hill Mine, near Elizabeton. July 18, 
1880. (42011.} 

(3) Limonite. Hodge Mine, near Stony Creek. July 29, 1880. (42025.) 

(4) Limonite. Hurley Mine, near Stony Creek. July 29, 1880. (42017.) 

(5) Limonite. Red Shear Mine, near Stony Creek. July 29, 1880, (42032.) 

(6) Limonite. Specular Mine, near Stony Creek. July 29, 1880. (42030.) 


WASHINGTON COUNTY. 


(1) Limonite. Lead Mine, Bompass Cove. July 15, 1880. (40992.) 
(2) Limonite. Main Mine, Bompass Cove. July 14, 1880. (42053.) 


UNICOL COUNTY. 
(1) Limonite. Blne Springs Mine, near Indian Creek. July 16, 1880. (41022.) ~ 
(2) Limonite. Keener Mine, Greasy Cove. July i6, 1-80. (4091.) 
(3) Limonite. Greasy Cove. July 16,1880. (41023.) 


GREENE COUNTY. 


(1) Limonite. Green Ridge Mine, near Greeneville. July 12, 1880. (42078.) 
(2) Limonite. Green Ridge Mine, near Greeneville. July 12, 1880. (42076.) 


HAMBLEN COUNTY. 


(1) Limonite. Vineyard Mine, near Witt’s Foundry. July 5, 1880. (42068.) 
(2) Limonite. Williams’ Mine, near Witt’s Foundry. July 5, 1880. (42069.) 


COCKE COUNTY. 


(1) Limonite. J. Mantooth’s Mine, near Sweetwater. July &, 1880. (42042. ) 
(2) Hematite. W. R. Smith’s Mine, Wolff Creek. July 9, 1880, (42052. ) 


SEVIER COUNTY. 


(1) Limonite, containing quartz, Loye’s Mine, near Sevierville. July 7. 1880, 
(42061.) 
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BLOUNT COUNTY. 


(1) Limonite. Carpenter Mine, near Maryville. June 28, 1880. (40999. ) 

(2) Pyrite, showing decomposition to limonite, the probable source of the ore. 
Seaton Mine, near Maryville. June 28. 1880. (41021.) 

(3) Limonite, containing quartz. Razer’s Mine. June 22, 1880. (41007.) 

(4) Limonite. Kerr’s Mine, near Maryville. (41011.) 

(5) Limonite. Wilson Mine, near Maryville. June 28, 1880. (41015.) 


MONROE COUNTY. 


(1) Manganese ore. Impure manganite. Donnelly Mine, near Tallica Furnace. 
June 20. 1880. (41003.) 
(2) Impure limonite. Anderson’s Mine. June 21, 1880, (41001.) 


MC. MINN COUNTY. 


(1) Pyrite, showing decomposition to limonite, the probable source of the ore 
Chas. Cate’s Mine, near Athens. August 1, 1880, (42041.) 

(2) Limonite. Chas. Cate’s Mine, near Athens. August 1, 1880. (42042.) 

(3) Limonite and pyrite. R. G. Patty’s Mine, near Athens. August J, 1880. 
(42038. ) 

(4) Hematite. Sheriff Mine, near Athens. June 18, 1880. (41028. ) 


The fossil ores of the Tennessee River Valley are represented by the 
following twelve specimens : 


SCOTT COUNTY. 
(1) Hematite. L.J.Stanfield’s Mine, Elk Fork Valley. July1, 1880. (42055.) 
ANDERSON COUNTY. 
(1) Hematite. Lone Mountain Mine, Clinton. June 30, 1880. (41030.) 
ROANE COUNTY. 


(1) Hematite. Brown’sMine. March 19, 1880. (41948.) 
(2) Hematite. Oakdale Mine, Oakdale. March 16, 1880. (41050.) 
(3) Hematite. Oakdale Mine, Oakdale. March 16, 1880. (41059.) 
(4) Hematite. Robert’s Mine, Kingston. March 19, 1880. (41037.) 
(5) Hematite containing calcareous fossils. Rockwood Mine, Rockwood. March. 
17,1880. (41049. ) 
RHEA COUNTY. 


(1) Hematite. Hill & ‘Tarwater Mine. March 20, 1880. (43684.) 
(2) Hematite. Hill & Tarwater Mine. March 20, 1880. (41034.) 


JAMES COUNTY. 
(1) Hematite. Ragon’s Mine. March 10, 1880. (41082. ) 
HAMILTON COUNTY. 
(1) Hematite. Coker Mine, Chattanooga. March 11, 1880. (41051.) 
BRADLEY COUNTY. 


(1) Hematite. Hinck Mine. March 10, 1880. (41093. ) 
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(1) Limonite. 


(1) Limonite. 
(2) Limonite. 


(3) Turgite. 


(4) Limonite. 
(5) Limonite. 
(6) Limonite. 
(7) Limonite. 


(1) Limonite. 
(2) Impure limonite. 
(3) Limonite. 


(1) Hematite. 
(2) Limonite. 


(1) Limonite. 
(2) Limonite. 


(1) Impure limonite. 


(1) Tmpure limonite. 


(3) Limonite. 


TSS 
MONTGOMERY COUNTY. 
Steel’s Mine. 


April 20, 1880. (42046.) 


STEWART COUNTY. 


Bear Springs Mine. April 14, 1880. (41074.) 
Clark Furnace. April 15, 1880. (41085.) 
Bear Springs Mine. April 14, 1880. (41075.) 
La Grange Furnace. April 16, 1880. (41087.) 
La Grange Furnace. April 17,1880. (41084.) 
La Grange Furnace. April 15,1880. (41081.) 


Rough and Ready Mine. April 13, 1860. (41072.) 
DICKSON COUNTY. 
Cumberland Furnace. April 4, 1880. (41065. ) 
Cumberland Furnace. April 4, 1880. (41069. ) 
Piney Mine, Dickson. March 31, 1880. (41071.) 
HICKMAN COUNTY. 
‘tna Mine, Centreville. March 29, 1880. (41090.) 


Mill Creek Mine, Centerville. March 31, 1880. (41089.) 
LAWRENCE COUNTY. 
Napier’s Mine, Napier’s Furnace. May 27, 1880.. (41059.) 


Napier’s Mine, Napier’s Furnace. March 27, 1880. (41056.) 
WAYNE COUNTY. 
Marion Furnace, Clifton. March 28, 1880. (43626.) 
KENTUCKY. 
GREENUP COUNTY. 
Pennsylvania Furnace. July 7, 1880. (40420.) 
(2) Impure limonite. Pennsylvania Furnace. July 6, 1880. (40425.) 
Pennsylvania Furnace. July 7, 1880. (43766.) 
CARTER COUNTY. 
Iron Hills Mine. July 8, 1880. - (43776.) 


(1) Limonite. 
(2) Siderite and limonite. 
(3) Impure limonite. 
(4) Limonite. 


(1) Siderite, containing barite and limonite. 
(40452. ) 
(2) Limonite. 


(1) Limonite. 
(2) Limonite. 


July 9, 1880. (43774.) 
(43775. ) 


Mount Savage Furnace. 
July 10, 1880. 
(40436. ) 


Mount Savage Furnace. 
Stewart’s Mine. July 9, 1880. 
LAWRENCE COUNTY. 


Dry Fork Mine. July 10, 1880. 


Dry Fork Mine. July 10, 1880. (4377@.) 
BATH COUNTY. 
Bath Furnace. June 23, 1880. (43590.) 


Old Slate Mine. June 24, 1880. (40430.) 
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POWELL COUNTY. 


(1) Impure siderite. Estill Furnace. June 25, 1880. (40458. ) 
(2) Limonite. Estill Furnace. . June 25, 1880. (43769.) 


LYON COUNTY. 


(1) Limonite. Centre Furnace. June 30, 1880. (43587.) 
(2) Limonite. Centre Furnace. June 30, 1880. (40450.) 


TRIGG COUNTY. 
(1) Limonite. Trigg Furnace. (43585.) 
MISSOURI. 
FRANKLIN COUNTY. 
(1) Impure hematite. Bennett & Thurman Mine. May 27, 1881. (43656.) 
CRAWFORD COUNTY. 


(1) Hematite. Cherry Valley Mine, pit No. 2. May 10, 1880. (43659.) 
(2) Hematite. Cherry Valley Mine, pit No.1. May 10, 1880. (40730.) 
(3) Hematite. Iron Ridge Mine. May 25, 1880. (40719.) 

(4) Hematite. Lane Mine. May 8, 1880. (40725.) 

(5) Hematite. Marsh Mine. May 25, 1880. (40724.) 

(6) Hematite. McGarvy’s Mine, near Seasburg. May 26, 1880. (40723.) 
(7) Hematite. Scotia Mine. May 26, 1880. (40722.) 


PHELPS COUNTY. 


(1) Hematite. Lamb Mine. May 18, 1880. (40778. 

(2) Hematite. Horse Hollow Mine. May 23, 1880. (40765.) 
(3) Hematite. Moselle Mine. May 24, 1880. (40770.) 

(4) Hematite. Smith Mine No. 3. May 18, 1880. (40772.) 


DENT COUNTY. 


(1) Hematite. Milsap Mine. May 19, 1880. (40760.) 

(2) Hematite. Nova Scotia Mine. May 20, 1880. (40738.) 

(3) Hematite. Nova Scotia Mine. May 20, 1880. (40740.) 

(4) Hematite. Pomeroy Mine. May 19, 1880. (40743.) 

(5) Hematite, called pipe ore. Watkins Mine. May 18, 1880. (40741.) 

(6) Hematite. Riverside Mine. May 20, 1880. (40757.) 

(7) Hematite. Riverside Mine. May 20, 1880. (40748.) 

(8) Hematite. Riverside Mine. May 20, 1880. (43604.) 

(9) Hematite. Orchard Mine. May 19, 1880. (40759.) 
(10) Hematite, quartz, in large crystals. Fitzwater Mine. May 21,1880. (40746.) 
(11) Pyrite, showing decomposition to fibrous limonite. Dry Fork Mine. May 18, 

L880. (40755.) 

(12) Limonite, pipe ore. Simmon’s Mountain. May 19, 1880. (40753. ) 


IRON COUNTY. 


(1) Hematite. Cedar Mountain Mine. April 30, 1880. (40720.) 
(2) Hematite. Pilot Knob Mine. April 30, 1880. (40717.) 
(3) Hematite. Shepherd Mountain Mine. April 30, 1880. (43654.) 
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ST. FRANCOIS COUNTY. 


Five specimens represent the celebrated Tron Mountain deposit, 
taken May 3, 1880: 
(1) Hematite, surface nodules. (40784.) | (4) Hematite, containing apatite. (40779. ) 
(2) Hematite. (40780. ) (5) Porphyry, in which the ore occurs. 
(3) Hematite, containing apatite. (40781.) (40783. ) 


OHIO. 


COLUMBIANA COUNTY. 


(1) Impure limonite, surrounding impure siderite. Dennan’s Mine, near New Lis- 
bon. June 8, 1581. (41367.) 

(2) Siderite, containing carbonaceous matter called blackband ore. John Henry 
Mines, near Mineral Ridge. June 6, 1881. (11359.) 

(3) Roasted blackband ore. John Henry Mines, near Mineral Ridge. June 6, 
1831. (41358. ) 

(4) Impure limonite, surrounding impure siderite. Smith’s Mine, near New Lisbon. 
June 8, 1881. (41353.) 

(5) Impure limonite, surrounding siderite. Smith’s Mine, near New Lisbon. June 
8, 1881. (41356.) 

(6) Siderite, containing carbonaceous matter; blackband ore. Todd, Wells & Co.’s 
Mine, Mineral Ridge. June 6, 1881. (41758.) 


TUSCARAWAS COUNTY. 


(1) Siderite and limonite. Anman Mine, near Dover. June 1, 1881. (41392.) 

(2) Impure limonite. Bahler Mine, near Dover. June 2, 1881. (41274.) 

(3) Siderite, containing carbonaceous matter; blackband ore. Bahler Mine, near 
Dover. June2, 1881. (41378.) 

(4) Siderite, containing carbonaceous matter; blackband ore. Bahler Mine, near 
Dover. June 2, 1881. (43670.) 

(5) Siderite, containing carbonaceous matter; blackband ore. Dover Hill Furnace, 
near Zoar Station. June 2, 1881. (41379.) 

(6) Roasted blacikband ore. Dover Hill Furnace, near Zoar Station. June 2, 1881. 
(41380. ) 

(7) Impure hematite. Groebel Mine, near Dover. June 2, 1881. (41393.) 

(8) Siderite, containing carbonaceous matter; blackband ore. H. Kelly’s Mine, 
June 2, 1851. (41383.) 

(9) Impure limonite. Heit’s Mine, near Dover. June 1, 1881. (41398.) 

(10) Siderite and limonite, near Dover. (43673.) 


MUSKINGUM COUNTY. 


(1) Impure limonite. Goff’s Mine, Frazeysburgh. May 27, 1881. (41407.) 
(2) Impure limonite. McGinnis Mine, Frazeysburgh. May 27, 1881. (41403.) 
(3) Impure siderite. Millstead Mine, Frazeysburgh. May 27, 1881. (41400.) 


PERRY COUNTY. 


(1) Limonite. Bowman Mine,-Shawnee. May 24, 1881. (41811.) 

(2) Impure siderite. Donnelly Mine, Moxabala. May 24, 1831. (41416.) 
(3) Limonite. Iron Point Mine, Shawnee. May 24, 1881. (41410.) 

(4) Siderite. Junction City. May 24, 1381. (43668.) 


MOCKING COUNTY. 


(1) Impure hematite, blackband ore. Gore Furnace. May 17, 1881. (41822.) 
(2) Roasted limestone ore. Gore Furnace Mine. May 17,1881. (41824.) 
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ATHENS COUNTY. 


(1) Siderite, containing carbonaceous matier; blaekband ore. Orbiston Furnace. 
May 18,1881. (41807.) 
(2) Limonite, decomposed blackband ore. Orbiston Furnace. May 18, 1881. (41808.) 


VINTON COUNTY. 


(1) Siderite and limonite. Creola Mine. May 20, 1881. (41816.) 
(2) Impure siderite. Eagle Furnace. May 20, 1881. (43630.) 
(3) Hematite. Eagle Furnace. May 20, 1881. (43676.) 

(4) Limonite. Eagle Furnace. May 20, 1881. (41820.) 

(5) Impure limonite. Eagle Furnace. May 20, 1881. (41821.) 
(6) Limonite. Creola Mine. May 20, 1881. (41815.) 


JACKSON COUNTY. 


(1) Limonite. Milton Furnace, near Hamden. May 13, 1881. (41800.) 
(2) Impure hematite. Monroe Furnace. May 11, 1881. (41791.) 

(3) Siderite. Monroe Furnace. May 11, 1881. (41793.) 

(4) Limonite. Near Milton. May 13, 1881. (43666.) 

(5) Impure limonite. Ray’s Mine, Byer’s Station. May 12, 1881. (41796.) 
(6) Limonite. Swaringen Mine, near Milton. May 13, 1881. (41801.) 

(7) Limonite. Near Milton. May 13, 1881. (41690.) 


SCIOTA COUNTY. 


(1) Limonite. Sciota Furnace, near Portsmouth. May 6, 1881. (41836.) 
(2) Limonite. Sciota Furnace, near Portsmouth. May 6, 1881. (41834.) 


LAWRENCE COUNTY. 


(1) Impure siderite. Davis Mine, near Jackson. May 10, 1881. (41780.) 
(2) Impure siderite. Hecla Furnace Lands. May 5, 1881. (41766.) 

(3) Limonite. Monroe Furnace. May7, 1881. (41777.) 

(4) Hematite, kidney ore. Monroe Furnace. May 7, 1881. (41775.) 

(5) Limonite, kidney ore. Washington Furnace. May 11, I831. (41786.) 
(6) Limonite. Washington Furnace. May 11, 1881. (41785.) 


MICHIGAN. 
MARQUETTE COUNTY (MARQUETTE DISTRICT. ) 


(1) Hematite. Jackson Mine, Negaunee. December 9, 1879. (41580.) 

(2) Hematite. Jackson Mine, Negannee. December 9, 1879. (41583. ) 

(3) Hematite, containing magnetite. Jackson Mine, Negaunee. December 15, 1879. 
(41579. ) 

(4) Hematite, banded. Jackson Mine, Negaunee. December 9, 1879. (41582.) 

(5) Hematite, hard slate ore. Cleveland Mine, Negaunee. December 5, 1879) 
(41556. ) ; 

(6) Hematite and jasper. Cleveland Mine, Negaunee. December 5, 1879. (41609. ) 

(7) Hematite and jasper, banded. New York Mine, Negaunee. December 6, 1579. 
(41575.) 

(8) Hematite, containing martite or sesquioxide of iron pseudomorph after mag- 
netite. New York Mine, Negaunee. December 6, 1879. (41572.) 

(9) Hematite. New York Mine. December 6, 1879. (41573.) 
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(10) Impure hematite. Lake Superior Mine. December 13, 1879. (41604.) 

(11) Hematite. Lake Superior Mine, Negaunee. December 8, 1879, (41605.) 

(12) Hematite. Lake Superior Mine, Negaunee. December 8, 1379. (41607.) 

(13) Limonite. Lake Superior Mine, Negaunee. December 18, 1879. (41600.) 
(14) Hematite. Barnum Mine, Negaunee. December 8, 1879. (41596.) 

(15) Hematite. Barnum Mine, Negaunee. December 6, 1879. (41592.) 

(16) Hematite, in coarse folia. Barnum Mine, Negaunee. December 8, 1579. 


(41594. ) ; 
(17) Impure magnetite and pyrite. Saginaw Mine, Negaunee. December 11, 1879. 
(41588. ) 


(18) Martite, sesquioxide of iron pseudomorph after magnetite. Saginaw Mine, 
Negaunee. December 11, 1879. (41587.) 


The following specimens are from the Negaunee Range: 


(1) Impure hematite. MceComber Mine, Negaunee. December 16, 1879. (41559.) 

(2) Limonite, surface specimen. Cambria Mine, Negaunee. December 13, 1879. 
(41565. ) 

(3) Hematite, specular ore. Republic Mine. Michigamme. December 5, 1879. 
(41511. ) 

(4) Magnetite. Republic Mine, Michigamme. December 5, 1879. (41512.) 

(5) Magnetite. Humboldt Mine, Michigamme. December 12, 1879. (41503.) 

(6) Hematite, specular ore. Champion Mine, Michigamme, December 6, 1879. 
(41548. ) 

(7) Maguetite, crystalline, granular. Champiou Mine, Michigamme. December 
6, 1879. (41546. ) 

(8) Magnetite. Keystone Mine, Michigamme. December 11, 1879. (41553. ) 

(9) Magnetite, coarse grained. Keystone Mine, Michigamme. December 11, 1879. 
(41551. ) 

(10) Hematite, coarsely micaceous, as a vein in martite or sesquioxide of iron pseu- 
domorph after magnetite. Michigamme Mine, Michigamme. December 9, 1879. 
(41517.) 

(11) Impure magnetite. Michigamme Mine, Michigamme. December 9, 1879. 
(41518. ) 

(12) Magnetite. Edwards Mine, Michigamme. December 9, 1879. (41543.) 

(13) Magnetite, crystalline, granular. Edwards Mine. December 9, 1879. (41540.) 

(14) Magnetite. Spur Mountain Mine, Michigamme. December 8, 1879. (41506.) 

(15) Manganese ore. Manganite. Manganese Mine, Negaunee. December 16, 
1879. (41563.) 


The following specimens represent the Menominee district : 


(1) Hematite. Vulcan Mine. December 17, 1879. (41642. ) 
(2) Hematite. Vulcan Mine, Pit No.1. December 12, 1879. (41650.) 
(3) Hematite. Norway Mine. December 17, 1879. (41631.) 
(4) Hematite, containing calcite. Norway Mine. December 17, 1879. (41638,) 
(5) Hematite. Norway Mine. December 17, 1879. (41639. ) 
(6) Hematite. Cyclops Mine. December 2, 1879. (41677.) 
(7) Hematite. Cyclops Mine. December 17, 1879. (4183s.) 
(8) Hematite. Quinnesec Mine. December 17, 1579. (41624.) 
(9) Hematite. Quinnesee Mine. December 17, 1279. (41623.) 
(10) Impure hematite. Quinnesee Mine. December 17,1879. (41619.) 
(11) Hematite. Chapin Mine. December 2, 1879. (41651.) 
(12) Hematite. Emmett Mine. December 17, 1879. (41679.) 
(13) Limonite. Emmett Mine. December 17,1879. (41673.) 
(14) Hematite. McKenna Mine. December 10, 1879. (41667.) 
(15) Hematite, banded. Saginaw Mine. December 11, 1879. (41612.) 
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WISCONSIN. 


(1) Martite, sesquioxide of iron pseudomorph after magnetite. Commonwealth 
Mine, Menomonee. December 15, 1879. (41497.) 
(2) Hematite. Commonwealth Mine, Menomonee. December 15, 1879. (41693.) 


JACKSON COUNTY. 
(1) Impure hematite. Blackriver Falls. November 26, 1880. (42092.) 
MINNESOTA. 


(1) Hematite. Pit No. 14. Vermillion Lake. October 30, 1880. (43619.) 
(2) Hematite. Vermillion Lake. November 7, 1880. (43614.) 
(3) Hematite. Pit No. 14. Vermillion Lake. October 30, 1880. (43621.) 
(4) Hematite. Vermillion Lake. November 9, 1880. (43623.) , 
(5) Hematite. Vermillion Lake. November 7, 1880. (42273.) 
(6) Hematite. Pit No. 3. Vermillion Lake. October 23, 1880. (42265.) 
(7) Hematite. Vermillion Lake. October 22, 1880. (42261.) 
(8) Hematite. Vermiliion Lake. October 30, 1880. (41718.) 
(9) Hematite and jasper. Vermillion Lake. November 4, 1880. (41717.) 
(10) Hematite. Vermillion Lake. October 30, 1880. (42267.) 
(11) Hematite. Vermillion Lake. November 30, 1880. (42269.) 
(12) Hematite. Vermillion Lake. November 7, 1880. (42272. ) 
(13) Hematite. Vermillion Lake. October 22, 1880. (42263.) 


COLORADO. 


BOULDER COUNTY. 


(1) Magnetite. Caribou Mine. October 14, 1880. (41840.) 
~ (2) Impure hematite. Marshall Mine. October 5, 1880. (41839.) 


CHAFFEE COUNTY. 
(1) Impure magnetite. Calumet Mine, Calumet. March 3, 1851. (41870.) 
COSTILLA COUNTY. 


(1) Magnetite, surface specimen. Ainsworth Mine, near Placer. October 24, 1880. 
(41842. ) 


FREMONT COUNTY. 
(1) Magnetite, containing feldspar and quartz. Iron Mountain Mine, near Pine 


Creek. November 5, 1880. (41848.) 
(2) Magnetite. Iron Mountain Mine, near Pine Creek. November 5, 1850. (41849.) 


LAKE COUNTY. 


(1) Limonite. Amie Mine, Leadville. November 15, 1880. (41855.) 
(2) Impure limonite. Amie Mine, Leadville. November 15, 1880. (41860.) 
(3) Limonite. Bruce Mine, Leadville. November 15, 1880. (41859. ) 


SAGUACHE COUNTY. 


(1) Limonite. Bee Hive Mine. November 12, 1880. (41852. 
(2) Limonite. Poor Man’s Mine. Smith’s Gulch. Noveniber 12,1880. (41868. ) 
(3) Limonite. Prospect Mine. November 12, 1880. (41867.) 
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CALIFORNIA. 


PLACER COUNTY, 


Magnetite. Clipper Gap Mine, February ¥, 188l. (42281.) 
Magnetite. Clipper Gap Mine, February 2, Isl. (42279.) 
Limonite. Clipper Gap Mine. February 2, 1681. (42252.) 
Hematite. Clipper Gap Mine. February 2, 1881. (42250.) 


UTAH, 


IRON COUNTY. 


Magnetite, showing dodecahedral crystals altered to sesquioxide of iron or mar- 

Great Western Mine, Iron Springs. December 11, 1880. (43646.) 

Magnetite. Great Western Mine, Iron Springs. December 11, 1580, (42174.) 

Magnetite. Blow Ont Mountain Mine. December 14, 1850, (42186.) 

Manganese ore,impure. Adelaide Mine, Irontown, December 13, ls80. (42178.) 

Magnetite. Chesapeake Mine, Irontown, December 13, 1880, (42182. ) 
BEAVER COUNTY. 

Limonite. Vulcan Mine. December 7, 1850. (42188.) 

Hematite. Frisco Mining Company’s Mine. December 7, 1880. (42190.) 

JUAB COUNTY. 
Limonite, containing manganese. Billing’s Mine. December 21,1580. (42198.) 
Hematite. Sailor Boy Mine. December 21, 1880. (42196.) ; 


WEBER COUNTY. 


Hematite. Willard Mine, Willard. December 24, 1880, (42171.) 
OREGON. 


CLACKAMAS COUNTY. 
Magnetite. Prosser Mine, near Oswego. January 12, 1881. (42278.) 
Limonite. Prosser Mine, near Oswego. January 12, 1881. (42277.) 
Limonite. Prosser Mine, near Oswego. January 12, 1881. (43640.) 
Limonite. Patton Mine, near Oswego. January 12, 1881. (42275.) 

WASHINGTON, 

JEFFERSON COUNTY. 
Limonite. Chimacon Valley Mine. January 15, 1881. (45650.) 
Limonite. Chimacon Valley Mine. Jannary 15, 1881. (43652.) 


THE EXTRACTION OF IRON. 


Iron is placed upon the market in three distinet and characteristic 
forms, depending for the most part upon the amount and condition of 
the carbon in the metal. First, wrought iron, which contains little or no 

7 carbon, and the best varieties only trifling amounts of impurities, it may, 
however, contain considerable phosphoras, and when badly manufae- 
tured, may contain considerable mechanically inclosed slag. Second, 
steel, contuining from two-tenths to 14 per cent. of carbon, with only 
trifling amounts of impurities. Third, pig iron, containing from 24 to 5 
or more per cent. of carbon, both free and combined, together with 
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silicon and manganese, and, when made from impure ores, phosphorus. 
and sulphur, besides small amounts of other impurities. 


THE MANUFACTURE OF WROUGHT IRON. 


A small amount of wrought iron is manufactured direct from the ore, 
mostly by the old Catalan process. In this process a rectangular forge 
provided with suitable tuyeres is charged alternately with fine ore and 
charcoal. The charcoal reduces a portion of the iron to the metallic 
state in particles, and these particies stick to each other, and gather 
into a lump, while the remainder of the iron with the impurities of the 
ore form a slag, and settle to the bottom, from whence it is drawn off 
by a suitable opening. When a sufficient amount of iron has accumu- 
lated to form a “loupe” it isremoved trom the fire, and hammered down 
to a bar, which is then ready for use. ‘This process is very wasteful of 
the iron, and is only practiced in remote regions except where, as in 
Northern New York, a considerable amount of very pure ore is obtained 
that can not readily be treated by any other process. The product 
from these pure ores is very high grade. 

By far the largest amount of wrought iron is manufactured by the 
puddling process. For this purpose the iron of the ores is first made 
into pig iron in a blast furnace, and is then treated in a reverberatory 
furnace to remove the impurities. The product of this operation 
depends upon the quality of the ore used in the blast furnace, and the 
eare and: skill of the workman in puddling. 


ROGERSFIELD MINE OF THE CHATEAUGAY ORE AND IRON COMPANY. 


This deposit, consisting of a mixture of magnetite, with feldspar, 
hornblende, and quartz, is inclosed in gneiss. Its course is NE. by 
SW.,and has been traced for 12 miles. At a depth of 600 feet it is 
18 feet wide. It is quite free from faults, although intercepted by trap 
dikes. In mining, all the material between the vein walls is extracted, 
leaving only sufficient pillars to support the roof, and the space left 
empty, aS Shown on PL. XI. 

In 1884 15,000 tons of rich furnace ore was extracted, of the follow- 
ing composition : 


Per cent. 
Maoneticioxide of iron (he; 0.) sass2 ees eee eee eee 70. 592 
Alumina: (:AILQs). = 2220. ted See ee cece tac arete eee 1, 283 
Lime (CaQ),..9 sasu oe ds SR Ser aoe ee 4. 260 
Magnesia (MeO): =. 42.2. 2a Eas Seale ete ce oe eee 2. 112 
Manranese.( Min) -..-2.<. oot SeG2 sare tema seine ee traces 
Silica.(SiO>)y.c2 52 oc oe vere eceleaeicee Ce eee 19. 260 
Phosphoric acid: (Po 05) s- saeeacelee ote sae eee 0. 031 
Sulphur'(S)i 32 seSoec oe as eee eee etree oe eee 0. 088 
Water'( HgO) 2556 5.352 a ot a ee ee eee 1. 080 

Also small quantities of carbonic acid, alkalies, ete. 

Metallic iron (H@)\:226.-<.2oe-6 Se ee ee ee eee Eee 51.118 
Phosphorus (P) ese nee eee cee eee eee 0, 013 


Analysts. Booth, Garrett and Blair. 
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Besides this, about 5,000 tons of second-quality ore were mined, 
This second-quality ore is roasted in rectangular kilns, in charges of 
100 tons, for which 35 cords of wood are required. The complete roast- 
ing requires 5 days, but as soon as the front of the charge is roasted 
it is removed, and successive portions are taken out from time to time 
until the charge is completed. This roasting is mainly for the purpose 
of disintegrating the ore previous to stamping. The roasted ore is 
subjected to coarse crushing, dry, to pass through screens with holes 
three-eighths of an inch in diameter. The crushed material is coucen- 
trated on a Conkling jig. Two tons of this concentrating ore will fur- 
nish about 1 ton of concentrates containing 60 to 65 per cent. of iron. 

The furnace ore is shipped away for smelting and the concentrates 
are treated in the Belmont forge by the Catalan process. The collec- 
tion taken by Mr. J. B. Mackintosh, E. M., August, 1554, shows: 


Ore. 


(1) Furnace. Magnetite, granular, in thin layers. (54209. ) 
(2) Concentrating. Magnetite, feldspar, hornblende, and quartz, (54205.) 
(3) Roasted. (54210.) i 
(4) Concentrates, (54211.) 
Tailings. 


(1) Containing the quartz, feldspar, hornblende, with a little magnetite, of the ore. 
From the concentrating operation. (54212. ) 


BELMONT FORGE, 


This forge is. situated at the northern end of Chateaugay Lake, 
Franklin County, New York, and the power for running it is furnished 
by the Chateaugay River. The ore used is the separated ore from the 
Rogersfield mine, which still contains sufficient of the original gangue 
material to form all the slag required, so that no flux is used. The fuel 
Is charcoal. The variety of wood used for this purpose includes birch, 
maple, tamarack, cherry, elm, beech, hemlock, pine, poplar, spruce, 
balsam, ash, and basswood, the harder wood producing the best char- 
coal. The wood yields from 42 to 45 bushels of charcoal per cord. The 
forge contains sixteen fires, consisting of a fireplace surmounted by a 
rectangular chimney 74 by 44 feet. The fireplace is 3 feet 6 inches wide 
and 3 feet deep, with a working plate projecting 2 feet 6 inches in front. 
All the work is carried on through one opening 3 feet 6 inches by 2 
feet. The lower first foot of the front is closed by the cinder plate, 
through which the cinder is tapped from several holes. Pipes for 
heating the blast previous to its use are arranged in the upper part 
of the chimney. 

This fireplace is first charged with sufficient chareeal to bring it to 
a proper temperature, and charges of ore and charcoal are then added 
successively, A portion of the iron is reduced to the metallie state, 
and these particles gather together until a suitable lamp called * loupe” 
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has accumulated. About three hours are required to produce the 
proper sized loupe. This loupe is taken out of the fire and into the 
hole left a suitabie amount of ore is thrown and the process of reduc- 
tion continued. The loupe is taken to the hammer and is hammered to 
consolidate the iron and expel the slag. Oneend is finished to 7 inches 
square, and the other end is put back into the furnace to heat it up 
again, which does not interfere with the operation of the furnace. 
When the bloom is hot enough it is taken back to the hammer and the 
other end finished to 7 inches. In some cases this 7-inch bloom is re- 
duced to 34-inch billets. 

A good workman will produce a ton of blooms with 250 to 260 
bushels of charcoal, and a ton of billets with 312 bushels, but these 
figures are often exceeded. 

A general interior view of the forge is shown in PL. x11 the trip 
hammer in PL, XIII, and a general collection of tools used in PL. XIV. 

During the smelting operation two characters of slag are produced, 
depending upon the temperature of the fire. When the fire is hot the 
slag is very vesicular and gives off jets of gas. When, however, it is 
cold, the slag flows quietly and is compact. There are formed also 
two by-products. One, known as coal crust, consists of a mixture of in- 
fusible slags, iron, and coal, and gathers on the top of theslag. The 
other, known as emery, consists of fine material carried forward by 
the blast and collected in the chimney. 

The collection joins the Rogersfield Mine collection, which supplies 
the ores, and was also taken by Mr. J. B. Mackintosh, E. M., August, 
1884. 

(1) Wood, maple; used for making charcoal. (54191.) 

(2) Charcoal, used for fuel. (54192.) 

(3) Iron, a test button taken from the furnace to observe its workings.  (54190.) 

(4) Cinder, from hot furnace. (54186.) 

(5) Cinder, from cold furnace. (54187.) 

(6) Cinder, squeezed from the bloom in hammering, (54189. ) 

(7) Seale, produced in hammering the reheated bloom, (54183.) 

(8) Coal crust. (54184.) 

{9) Emery. (54185.) 


THE MANUFACTURE OF STEEL. 

A small amount of steel is made direct from the ore, but, as in the 
case of wrought iron, nearly all is made from pig iron that has been 
reduced in a blast furnace. 

Since the main difference between pig-iron and steel lies in the different 
percentages of carbon they contain, the process of steelmaking should 
simply be the removal of the proper amount of carbon from pig-iron 
containing only small amounts of impurities, and this is sometimes the 
case, but it is far more frequent to remove as much as possible of the 
carbon and then to add just the right amount, this being easier than 
to remove just the right amount at once, 
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In many cases the total removal of the carbon has another advan- 
tage, in that at the same time impurities are removed from the metal, 
and thus a lower grade of pig-iron can be utilized. 


THE CEMENTATION STEEL PROCESS. 


In this process bars of puddled iron are first exposed to a tempera- 
ture of about 1,100° ©, after being packed in iron boxes with charcoal. 
By this operation the carbon of the charcoal enters the bar-iron and 
gradually changes it to steel. 

The time required depevds upon the grade of steel to be produced 
or the amount of carbon the steel must contain. An ordinary charge 
of 12 to 18 tons will be converted into spring steel in about 7 days 
and will contain about one-half per cent. of carbon, while the highest 
grade or melting heat steel requires 9 to 10 days and will contain 14 
per cent. of carbou. When the conversion is completed the furnace is 
cooled and the bars removed. 

The smooth bars of wrought iron will now be found covered with 
blisters, and this material is frequently called blister steel. The char- 
acter of the blisters indicates the quality of the steel, but the qualit¥ of 
a charge is never uniform through the whole mass. 

The blister bars are now broken and sorted according to fracture. 
Sometimes these pieces are piled or fagoted and rolled directly to bar 
steel, but this treatment alters the grade of the metal, and, owing to 
the lack of uniformity in the blister steel, the product is not at all uni- 
form, so that it is more common to cut the bars of blistered steel into 
small pieces, charge them into crucibles with certain additions, especially 
manganese ore and ferromanganese, to improve the quality, and then 
to melt them. 

The melted steel is cast into ingots and is then ordinary cast-steel. 
Cast-steel is, however, frequently produced by other processes; the 
word “cast” simply means that the steel has been melted. 

This process is illustrated by a collection from the Crescent Steel 
Works of Miller, Metealf & Parkin, Pittsburg, Pennsylvania. 

(1) Pig-iron, used for making paddled bar-iron, (54400. ) 

(2) Puddled bar-iron, used for conversion into blister steel in cementing ovens. 
(54401. ) 

(3) Cinder, produced in making puddled bar-iron. (54402. ) 

(4) Cinder, hammered from the puddled ball in making puddled bar. (54403. ) 

(5) Blister steel, after passing through the cementing furnace. (54404. ) 

(6) Charcoal, used to impart carbon to the metal in the conversion of bar-iron into 


steel in the cementing furnace, (54405. ) 


(7) Cast-steel, a piece of ingot as cast from the melting pot. (54408. ) 

(8) Manganese ore, used in the crucible when melting blister steel. (54406.) 

(9) Ferromanganese, an alloy of iron and manganese used in the erucible when 
melting blister steel. (54407.) 

(10) Cinder, produced in melting blister steel in erneibles. (54409,) 
' (11) Crueible steel, an ingot of cast steel which has been heated and hammered to 
close up gas bubbles (blowholes), sometimes called welding. (54410.) 
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(12) Clay, used to slag off oxide of iron and to protect the metal during welding. 
(54411.) 

(13) Hammer scale, formed during the welding from the clay and oxide of iron. 
(54412. ) 

(14) Crucible steel, finished bar; made by heating and hammering the welded bar. 
(54413. ) 

(15) Hanmer scale, produced by the oxidation of the metal while being hammered, 
(54414. ) 

(16) Crucible steel, cold-rolled bar for drill rods, annealed. (54415.) 

(17) Crucible steel, cold-rolled bar for drill rods, finished. (54416. ) 

(18) Crucible steel, cold-rolled plate for rough stock. (54417.) 

(19) Crucible steel, cold-rolled plate, finished sheet. (54418.) 

(20) Crucible steel, sheet .004 inch thick. (54970.) 


THE CINCINNATI STEEL WORKS. 


As being of historical interest three specimens of the first crucible 
steel made in America, together with a wood engraving of the works, 
are shown here. These works were built in 1832 near Cincinnati on 
the Miami Canal, and the first steel was made in August of the same 
year. The proprietors were Garrard Brothers, of whom Dr. Win. Gar- 
rard is still living at Failston, Pennsylvania. (51130, 51131, 511382, 
and 51133.) 


THE BESSEMER STEEL PROCESS. 


This process consists in blowing air through a bath of melted pig- 
iron, whereby the silicon, carbon, most of the manganese, and a little 
of the iron are oxidized, the heat furnished by their oxidation being 
sufficient to keep the metal fluid, both during the process and also for 
the time necessary after its close to finish and cast the steel. 

The conversion takes place in a vessel called a converter, the body 
of which is egg shaped, with a suitable neck on top inclined about 30 
degrees to the body, and a flat bottom with a number of openings for 
the tuyeres through which the air is blown. Around the middle of the 


converter is a heavy band carrying the trunnions on which it is sup-. 


ported and swings. The trunnion on one side is solid, and has a geared 
wheel by which the converter is rotated. The trunnion on the other 
side is hollow, and serves for the introduction of the blast. After 
passing through the trunnion, the blast is delivered to a tuyere box 
below the bottom, into which the tuyeres open. The tuyeres vary in 
number from 10 to 15, are made of refractory material, and each tuyere 
is perforated by ten to twelve small holes. The converters are made 
with a shell of iron from three-quarters to 1 inch thick, lined with 10 
to 12 inches of fire brick, and hold from 6 to 15 tons of metal. 

The action of the process is as follows: The converter lining being in 
good condition and the converter hot enough, it is turned down on its side, 
and the charge of melted pig-iron run in. In this position the metal is 
held entirely below the line of tuyeres, and the blast is therefore turned 
off, but as soon as all the charge is in, the vessel is brought back to the 
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(See explanation, page XV.) 
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upright position, and at the same time the blast, under a pressure of 20 to 
30 pounds, is turned on in order to keep the metal from flowing into the 
tuyeres. Immediately the silicon of the pig-iron oxidizes, and, as a re- 
sult, the graphitic carbon of the pig-iron is changed to combined carbon. 
In from 3 to 5 minutes most of the silicon has been oxidized to silica, 
which unites with the oxides of iron and manganese formed at the 
same time, producing a slag. This is known as the first period, and 
is characterized by a short feeble flame, with an abundant shower of 
sparks from the throat of the converter, and a peculiar roar; towards 
the end of the period the flame grows longer, the sparks finer and less 
abundant, and the second period begins, in which the flame grows much 
longer, and a large amount of carbon is oxidized, while there is a re- 
markable change in the sound from the throat of the converter. This 
period lasts from 4 to 10 minutes, and corresponds to the boiling period 
in the puddling process; it gradually merges into the third period, in 
which the roar increases, while the flame diminishes, but grows very 
bright; this continues from 3 to 5 minutes, when the flame and sounds 
almost entirely cease, and the decarburizing is complete. At this 
point the converter must be turned down and the blast of air turned off, 
or the iron will be rapidly oxidized and considerable loss incurred, 
while the quality of the metal may be completely ruined. 

A certain amount of an alloy of iron and manganese, spiegeleisen, or 
the richer ferromanganese, high in carbon, is now added to the con- 
verter in order to introduce the necessary amount of carbon to give the 
grade of steel required, and also to insure sounder castings by the in- 
troduction of the manganese. Formerly it was the practice to turn the 
converter up again and continue the blow for a few seconds, but now 
the charge is allowed to stand a few moments for the proper mixing 
of the spiegel with the iron and the separation of the slag. The charge 
has now been converted into steel, and the process has taken from 10 
to 20 minutes. 

Instead of burning out all the carbon and then adding it again in the 
spiegel, the decarburizing might be stopped just at the point when the 
carbon has reached the right percentage, and this was formerly done, 
especially at some Swedish works, but it has been found more practi- 
cable to burn out all the carbon possible, and then add the required 
amount. 

The steel is now poured into a ladle. The converter is repaired, if 
necessary, and is then ready for a new charge, while the steel in the 
ladle is cast into ingots. The ingots are removed as soon as they have 
solidified and taken to the rolling mill, where the are rolled into rails. 

The handling of such masses of metal requires very powerful hydraulic 
machinery, but this, as well as the blast, is all controlled by one man, 
who stands on a platform in a commanding position, and by the move- 
ment of a few levers, conveniently placed to his hands, directs and con- 
trols the whole process. 
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A Bessemer works generally contains a pair of converters, and in the 
_ best works about thirty blows are made during the 24 hours. 

This process requires certain characteristics in the pig-iron to be 
used. In general it should contain about 2 per cent. of silicon in order 
to give the necessary heat, by its combustion, to the bath of metal to 
keep it fluid. It should contain from 3 to 5 per cent. of carbon, and 
about 1 per cent. of manganese is desirable. Since all the phosphorus 
and sulphur present in the pig-iron is found in the steel, and since they 
injure the quality of the metal, it is absolutely necessary that they 
should be kept very low in the pig, one-tenth of 1 per cent. being the 
limit for phosphorus, while the sulphur is generally kept below half that 
amount. 

The converter lining, especially on the bottom, requires frequent re- 
pairs, since it is subject to high temperature, to violent mechanical mo- 
tion, and to destructive chemical action. The bottom is therefore made 
separate, and has to be removed on the average afier from eight to 
ten blows, while from three to four sets of tuyeres are burned out every 
24 hours. For this reason much more time is taken up in the repairs 
than in the actual process of conversion. 

The pig-iron is sometimes melted in auxiliary cupola furnaces, while 
at others it is taken direct from the blast furnace to the converter. The 
spiegel is melted in a cupola, tapped out into a ladle, and w eighed, So 
as to introduce the exact amount required. 

The casting ladle is hung on an hydraulic crane, which swings around 
in a circle over the molds in which the ingots are cast. 

The Bessemer process is eminently fitted for the production of large 
amounts of steel at a very low cost. Formerly its use was almost 
entirely limited to the manufacture of steel rails, but it is now being 
used largely for other purposes. 

The construction of the converter is shownin PL. XV, and the general 
arrangement of the steel house in PL. XVI. 


THE SOUTH CHICAGO BESSEMER WORKS. 


These works are situated 12 miles from Chicago, on the north side of 
Calumet River, at its mouth. They have a frontage of 2,500 feet on the 
lake, 2,400 feet on the Calumet River, and a slip for vessels 1,000 feet 
long. There are also 11 miles of railroad track for the feantline of 
material, and connecting the works with six trunk lines of railroad. 
Thus they have most ample means for getting supplies and shipping 
product. They cover.85acres. The plant comprises four blast furnaces, 
three 10-ton converters, and a rail mill where the ingots can be rolled 
inasingle heat. Hach department is thoroughly equipped with the 
most modern machinery. 

The ores smelted in the blast furnaces are obtained mostly from the 
Lake Superior regions, and frequently as many as twelve different 
varieties are used in a single charge, This mixture is made up in 
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INTERIOR OF BESSEMER STEEL House. 
(See explanation, page XV.) 
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rounds, consisting of one barrow of each of the different ores, and the 
requisite number of cokeand limestone. The charge descends uniformly 
in the furnace, and from 18 to 20 hours elapse between charging the 
ore at the top and tapping the metal from the same ore at the bottom. 
The furnaces are tapped six times in 24 hours, about 30 tons of iron 
and 33 tons of slag being taken at each tap. While the metal is 
being tapped a sample is taken out and cast in a ehill mold, in order to 
guide the steel blower in the conversion. There are nine grades of 
iron recognized, which are the ordinary grades of one to three diviled 
by fourths. The iron generally contains about 14 per cent, of silicon, 
and 34 per ceut. of carbon. 

The pig-iron from the blast furnace is tapped into ladles holding about 
10 tons of metal, and carried direct to the converter. It takes from 
one-half to three-quarters of an hour to transport the metal. One 
charge was successfully blown after standing 14 hours. During the 
time the pig iron is standing in the ladle there is a constant separa- 
tion of graphite from the metal going on, and samples taken just be- 
fore pouring into the converter always show a marked tendency towards 
white iron. A little over 1 per cent. of the iron remains in the ladle 
in the form of a skull, which is periodically removed, 

The converter is constructed with a removable shell, and is hung on 
cast-iron trunnions. The body is cylindrical, 10 feet in diameter and 
114 feet long, and the bottoms, of which 15 are supplied for each 
converter, are somewhat hoilowed out. There are 18 tuyeres, each 
having twelve three-fourths inch holes. The converters are arranged 
in a row, and discharge their steel into ladles upon receiving cranes, 
which deliver the ladles to the casting crane from which the ingots are 
cast. The ingot molds are arranged in pairs, and four pairs are gen- 
erally used for each blow. The height to which the molds are filled 
is governed by the weight of the rail to be made. 

At the beginning and end of the cast a sample of the steel is cast in 
a small ingot, and subjected to tests to determine its quality. For this 
purpose they are drawn out to a bar 1 inch square, under a steam 
hammer. Oneendof this baris drawn to a rod one-quarter inch square. 
The Linch bar is nicked while hot, and broken when coid to show 
the fracture, and the quarter-inch rod is bent cold ou the anvil. A 
sharp bend at right angles without showing any teudeney to fracture is 
considered satisfactory, but in many cases they are doubled tlat with- 
out breaking. 

As soon as the ingots are cold enough the molds are lifted off from 
them and they are taken tothe rail mill, where they are rolled into rails 
ina single heat, each ingot making four rails. The steel made is of 
excellent quality as shown by the mechanical tests, and its composition 
is kept very uniform, containing about 0.054 per cent. silicon, 0.112 to 
0.118 per cent. phosphorus, 1.20 to 1.24 per cent. mauganese, 0.35 to 0.4 
per cent. of carbon, and 0,025 per cent, sulphur, 
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The blast furnaces have a capacity of producing iron enough for 2,300 
tons of rails per week, but the capacity of the steel and rolling mills is 
greater, and by the addition of cupolas for independent remelting of 
pig-iron the product can be brought up to 4,000 tons of rails. 

The collection was made by E. B. Kirby, E.M., and E. L. Zukoski, &. 
M., in September, 1854. 

A large series of the ores smelted in blast furnace No. 5, nearly all 
of which are from the Lake Superior mines, together with the fluxes 
and fuels, were taken September 9, 1884, and on the following day at 2 
o’clock, when the metal was cast from the charges they represent, a 
ladleful was selected and followed through the whole process, to the 
rolling of the rail, and samples taken to represent each step. The ac- 
tion of the blast furnace was regular and normal, and the pig-iron 
smelted of the usual grade, and the operations throughout represent 
the regular work of the plant. To these are added some general speci- 
mens illustrating the process, together with a large series of the refrac- 
tory materials used. 

The charge in the blast furnace for several weeks previous to taking 
the samples was: 





Pounds. 
12 barrows coke; eacho2o pounds. 22 ssc. seen toe ee 6, 300 
6 barrows limestone, each 525 pounds ..-...---.---..-.. 3, 150 
i barrow Angeline Hematite: -- 32 os- 2 sss5. ssn. 2 se eeee 700 
1 barrow, Barnum j5222cso2s8. sis = eeie sce ee ele = siocce eee 800 
barrow, Cambrian, 2222 se ces -hee ne hoe eas eee eee 900 
L*barrow Chapin: 2552 sec se cco ee eee ete eae 900 
i barrowsCleveland, specular .---2--2--22s- eae es 900 
1 barrow Cleveland; hematite — 22 222...=2--- -22---4-- see 900 
i barro wel ud py GOn seem selene tana een eee 800 
1 barrow Michigamme..-.---. J Lebel becinwe acess sHetneeee 700 
2 barrows Pilot Knob, each 800 pounds. ...-..--.....--.- 1, 600 
2 barrows Summit, each 300 pounds.-.-..-......-.....- 1, 600 
Converter spittings ....-.-.. ee Scns eee 223 
Steelisurap se ccercsw see oa ele tee eer Se cee meee 84 
Oldanvothmolds (2: ses Nee oe eee ee mee 377 
Total: Scovel cee: oe eis eee oe eee oe ee eee 19, 934 


Fifty-nine rounds of the above charge were introduced on the day 
the samples were taken, making 371,700 pounds of fuel and 804,406 
pounds of ore, flux, etc.. charged. 


BLAST FURNACE SPECIMENS. 
Ore. 


(1) Hematite. Cleveland Mine, Marquette County, Michigan. (54803.) 
(2) Hematite. Cleveland Mine, Marquette County, Michigan. (54793. ) 
(5) Hematite. Angeline Mine, Marquette County, Michigan. (54798.) 

(4) Hematite. Barnum Mine, Marquette County, Michigan. (54799.) 

(5) Hematite. Cambria Mine, Marquette County, Michigan. (54794.) 

(6) Magnetite. Michigamme Mine, Marquette County, Michigan. (54801.) 
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(7) Magnotite and hornblende, Michigamme Mine, Marquette County, Michigan. 
(54800, ) 
(8) Hematite. Chapin Mine, Menominee County, Michigan, (54796.) 
(9) Hematite. Chapin Mine, Menominee County, Michigan, (54795. 
(10) Hematite. Ludington Mine, Menominee Connty, Michigan. (54797. ) 
(11) Hematite. Summit Mine, Ontonagon Couuty, Michigan, (54792. ) 
(12) Hematite. Pilot Kuob Mine, Iron County, Missouri, (54502.) 


Flur. 


(1) Limestone. Chicago, Cook County, Illinois. (54784.) 
Fuel. 
(1) Coke. Connellsville, Pennsylvania, (54770.) 
Products. 


(1) Slag, from previous tap of metal. (45753.) 

(2) Slag, first flush, 12.45 p.m. (54752.) 

(3) Slag, second tlush; just before tapping metal, 1.40 p.m. (54754.) 
(4) Pig-iron, from beginning of tap, 2.09 p.m. Grade 14. (54818.) 
(5) Pig-iron, chill sample from beginning of tap. (54521.) 

(6) Slag, skimmed from the iron while tapping, 2.15 p.m. (54755.) 
(7) Pig-iron, from end of tap, 2.20 p.m. Grade, 14, (54519.) 

(8) Pig-iron, chilled sample from end of tap. (54826.) 


STERL HOUSE SPECIMENS. 


The second ladle of heat 19 of the blast furnace was selected to follow 
through the process as “blow No. 15391.” The metal weighed 22,400 
pounds. The record of the blow is as follows: 

1,000 pounds of serap-iron were charged into the converter, and at— 


3.03} p. m. the pig-iron was poured. 

3.04 p. m. converter turned and blast let on. 

3.07 p. m. second period began. 

3.10 p. m. third period began. 

3.12% p. m. end of blow. 

3.133 p. m. converter turned down and blast shut off; length of blow 93 min- 
utes; blast varied from 18 to 20 pounds. 

3.16 p. m. 1,200 pounds of spiegel added. 

3.164 p. m. steel poured into ladle. 

3.19 p. m. first ingot cast. 

3.23 p. m. eighth ingot cast. 

3.34 p. m. molds stripped from ingots. 

3.483 p. m. eighth ingot loaded on car. All were then taken to the scales. 

(1) Pig-iron, chill sample, taken as the metal flowed from the blast furnace into 
the second ladle, 2.15 p.m. (54786.) 

(2) Pig-iron, chill sample,taken as the metal was poured from the ladle into the 
converter 39 minutes after. (54824.) 

(3) Graphite skull, taken from the bottom of the hot metal ladle. (54747.) 

(4) Converter spittings, consisting of globules of metal and slag thrown from the 
mouth of the converter by the force of the blast during the conversion of the pig-iron 
into steel. (54760.) 

(5) Steel slag, formed in the converter daring the conversion of pig-iron into steel; 
sample taken from under the converter. (54750.) 
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(6) Steel slag, formed in the converter during the conversion of pig-iron into steel; 
sample taken from under the converter, showing some metal. (54751.) 

(7) Spiegeleisen, an alloy of iron and manganese rich in carbon; used to recarbur- 
ize the bath of metal at the end ofthe blow. (54829.) 

(8) Spiegeleisen, an alloy of iron and manganeserich in carbon ; used to recarburize 
the bath of metal at the end of the blow. (54827.) 

(9) Spiegeleisen, average sample before melting. (54830. ) 

(10) Spiegeleisen, after melting. (54820.) ; 

(11) Coke, from Connellsville, Pennsylvania; used to melt spiegeleisen in cupola. 
(54769. ) 

(12) Limestone, used in melting spiegeleisen in cupola. (54779.) 

(13) Spiegeleisen slag, from the cupola. (54756.) 

(14) Steel, test ingot; taken from beginning of the cast. (54823.) 

(15) Steel, test ingot; drawn down under the steam hammer to one-fourth inch 
square and then coiled cold. (54831.) 

(16) Steel, test ingot ; drawn down under the steam hammer and then coiled cold. 
(54832. ) 

(17) Steel slag, taken from the casting ladle after the metal had been tapped. 
(54761. ) 

RAIL-MILL SAMPLES. 


The record is continued in the rail mill as follows: 


3.514 p. m., first ingot in reheating furnace. 
4,35 p. m., first ingot out of reheating furnace sent to blooming train. 
4.374 p. m., bloom enters the roils of the rail mill after having gone through 
15 passes in the blooming. train. 
4.391 p. m., rails leave the rolls, having gone through 7 passes in the rail train. 
4,402 p. m., first pair of rails deposited at the end of cooling table, 2 hours and 
23 minutes after the metal was tapped from the blast furnace. 
(1) Reheating cinder, from the Siemens gas furnace for reheating. (54762. ) 
(2) Roller seale, from rail-mill rolls. (54758.) 
(3) Roller seale, from rail-mill rolls. (54759. ) 
(4) Rail, fag end of rail. (54815. ) 
(5) Rail section. taken from the middle of a 120-foot length. (54816.) 


GENERAL ILLUSTRATIONS Of THE PROCESS. 


(1) Pig-iron, cast in a chill, showing grade No. 24.  (54825.) 

(2) Salamander, taken from the bottom of the blast furnace on blowing out. 
(54757. ) 

(3) Graphite, taken from the bottom of the blast furnace on blowing out. (54746.) 

(4) Test ingot, drawn under the steam hammer to one-fourth inch square and bent 
double cold, the regular test made of every blow. (54833.) 

(5) Steel slag, formed in the converter during the blow ; representative sample. 
(54749. ) 

(6) Indiana block coal, used under the boilers of the steel house and mill. (54780.) 

(7) Nut coal, washed, from Streator, Illinois; used in the Siemens gas producers. 
(54781.) 

(8) Nut coal, washed, from Streator, Illinois; used in the Siemens gas producers 
and at the mill. (54834.) 


REFRACTORY MATERIALS. 


(1) Benezette fire brick, used in lining the blast furnace up to the top of the bosh. 
(54790. ) 

(2) Clarion fire brick, used in lining the blast furnace, from the top of the bosh 
for 29 feet. (54766. ) : 
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(3) No. 2 fire brick, used in lining the blast fornace, from 29 feet above bosh to the 
top ofthe stack. (54777.) 

(4) Prepared Portsmouth clay, used for mortar in lining the blast furnace. It has 
been boiled and mixed with one-half its weight of gronnd old tire brick. (54835. ) 

(5) Prepared Utica clay, used in building blast furnaces,  (54776.) 

(6) Blue clay, from Wilmington, Illinois, used for closing the tap holes and other 
purposes about the furnaces, (54764.) 

(7) Vire brick, taken from bosh of the blast furnace after being in use. (54785.) 

(8) Fire brick, taken from the walls of the blast furnace after being in use. 
(54748. ) 

(9) Ganister, Lake Superior quartzite; used for lining the converter. (54783. ) 

(10) Crashed ganister, used in making refractory mixture for lining the couverter. 
(54774.) 

(11) Vire clay, from Streator, Illinois; used in making refractory mixture for lin- 
ing converter. (54767. ) 

(12) Fire clay, crushed, from Streator, Illinois; used in making refractory mixture 
for lining converter. (54773.) 

(13) Quartz sand, from Utica, Illinois; used in making refractory mixture for lin- 
ing converter, (54775. ) 

(14) Ball stuff, made from crashed ganister, fire clay, and sand; used for lining 
the converter. (54778. ) 

(15) Old fire brick, used in making refractory mixture for lining the bottoms of 
converters. (54765.) 

(16) Fire brick, ernshed; used in making refractory mixture for lining the bot- 
toms of converters. (54772. ) 

(17) Lining material, made of crushed ganister, sand, and fire brick; used for lin- 
ing the bottoms of converters.  (54763.) 

(1s) Joint stuff, used for making the joint between the vessel and its bottom; 
made of loam, ganister, and fire clay. (54789.) 

(19) Tuyere, used for the introduction of the air into the molten metal. (54791. ) 

(20) Hydranlic cement, used for fastening the tuyeres into the bottom of the con- 


~ verter; made of Portland cement and clay. (54787.) 

. (21) Loam, from Joliet, Illinois; used for lining steel and hot-metal ladles, 
, (54768, ’ 

* (22) Stopper, used to close the vent of the casting ladle. (54788.) 


THE SMELTING OF P1G-IRON. 


; For this purpose iron ores are mixed with suitable fluxes and with 
the necessary fuel and the whole charged into shaft furnaces into 
which air is blown for the combustion of the fuel to furnish the heat 
necessary for the operation, 

The shaft furnaces are circular in section and vary greatly in diame- 
ter and also in height, according to the amount of metal they are to 
produce. Small old-fashioned chareoal furnaces produce from 3 to 4 
tons per day, while a few modern coke furnaces have produced 300 
tonsinaday. The diameter varies at different heights in the same 


furnace, and the adjustment of this diameter is very important, since it 
: is one of the chief factors in determining the success of the furnace. 


At the bottom of the farnace are openings for drawing off the metal 
and slag, and jus) above these are other openings for the tayeres for 
the introduction of the air. The top of the furnace is kept closed in 
most modern furnaces, except when material is being introduced, and 
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just below the top are openings for drawing off the hot gases, which 
are used for various purposes about the furnace. 

The general arrangement and construction of a typical blast fur- 
nace is shown in PL. XVII. Pus. Xviit and x1x show two principal 
views of a charcoal furnace. The stock floor, or where the material 
is assembled preparatory to charging into the furnace, is Shown in PL.» 
Xvull, and the bottom of the furnace where the pig-iron and slag are 
tapped out, just after a cast has been made and while the iron is 
still very hot, in PL. X1x. PLS. XX, XXI, and XXII show typical 
scenes about a coke furnace. The top of the furnace where the materi- 
als are charged is shown in PL. XX; the hot-blast stoves in PL. XX1, 
and the general arrangements and surroundings of a furnace in PL. 
RRL D. 

As the charge descends gradually in the furnace it is first thoroughly 
dried, then any volatile constituents are driven off, and finally the iron 
is reduced to metal from the ore. This passes on through the furnace 
and absorbs carbon, and when it comes to the zone of fusion near the 
tuyeres the whole charge melts. The iron, by its greater specific grav- 
ity, settles to the bottom, while the slag floats on top, and both are 
periodically tapped from the furnace. 

The reduction of the iron is accompanied by the reduction of other 
constituents of the ore, and the product always contains, besides car- 
bon, which is both combined with the iron and separate as graphite, 
silicon, manganese, phosphorus, and sulphur. The amount of silicon 
depends upon the manner of running the furnace; the amount of man- 
ganese and sulphur depends partly on this and partly on the amounts 
in the charge, while all the phosphorus in the charge will be found in 
the pig metal. Occasionally other things occur in small amounts in the 
metal. 

A few ores contain just the right amount and kind of earthy matter 
to furnish sufficient slag to cover the melted pig-iron in the bottom of 
the furnace and protect it from the direct action of the blast, which 
would otherwise oxidize it again and thus defeat the object of the 
smelting. It is more usual, however, for the ores to contain an excess 
of acid constituents which would form a corrosive slag that would soon 
destroy the lining of the furnace. It is therefore usual to add a basic 
flux, which is generally limestone. These ores form more slag than is) 
required to cover the iron. 

Charcoal, anthracite coal, coke, and raw bituminous coal are used as | 
fuel, and sometimes two or more of these are used together. 


CROWN POINT FURNACE. 


These works consist of two blast furnaces, 70 feet by 18 feet and 60 feet 
by 164 feet, built on the banks of Lake Champlain, at Crown Point, Essex 
County, New York. The ores used are from Crown Point Mine, near by, 
and from the Chateaugay Mine. The product is Bessemer pig-iron, 
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divided into five grades, and the capacity about 40,000 tons a year, 
The fuel used is generally a mixture of anthracite coal and coke, and 
the flux is a half-and-half mixture of magnesian limestone and marble 
chips. The furnaces are supplied with Siemens-Cowper-Oochran fire- 
brick stoves for heating the blast to about 1000° F, 

The usual charge in the 70 by 18 furnace is: 





Pounds. 
- PEE LIPOULR CO Hie 0 Pare One eta cae ala awww aa, Win smal 3, 250 
a ee Net Ae re Soe een cl Genet wa wee eed es xs 4 = 1, 000 
PUNE et OL OLE fatwa nat a caeie nen oaan a cone 4,175 
MODRIALOMGTOWN EF OMTOLG <2. san) co nn sclcss comidnaleda cdns 75 
ERECT NY OL ieee hatte Se reed Sa eies outdo tw wis ciate ese ems 850 
SEOMLORU VOLO t eee ce tc at awanttwekiouestecaercwcatwecces #ty4D0 

POR URE GLATC AY DLA). oe ol oc no ale wie ond can wate e dacs 1, 600 

Mount Independence magnesian limestone ..-.......---. 1, 550 

BENG) GR Dee an ec cere Se CN Ty FP a Ne 13, 950 


During 29 days in July and August, 1884, the furuace produced 2, 
tons of pig; 50 per cent. No. 1; 35 per cent. No. 2; 15 per cent. No. 3. 
About 10 per cent. of the product of the Crown Point Mine consists of 
concentrating ore, which is crushed and concentrated, part of the con- 
centrates being smeltedin a Catalan forge, similar to the Belmont forge. 
The collection was taken by Mr. J. B. Mackintosh, &. M., September, 
1884, and shows : 

Ore. 


(1) Magnetite, feldspar, and hornblende. From Chateangay Mine, Franklin 
County, New York. (54425.) 

(2) Magnetite, containing quartz. Crown Point Mine, Essex County, New York. 
(54422. ) . 

(3) Concentrates, consisting of magnetite, with a little quartz, (54421.) 


Fuel. 


(1) Anthracite coal. Delaware and Hudson Canal Company Mine, Wilkes-Barre, 
Pennsylvania. (54420,) 
(2) Coke, made from Blossburg coal, Tioga Count,, Pennsylvania. (54426. 


Flux. 


(1) Limestone, magnesian. Mount Independence, Rutland County, Vermont 
(54423. ) 
(2) Marble. Rutland, Ratland County, Vermont. (54433.) 


Products. 
(1) Pig-iron, No. 1. (54427.) 
_(2) Pig-iron, No. 2. (54428.) 
(3) Slag, produced in making No.2 pig-iron. (54419.) 
(4) Pig-iron, No.3. (54429.) 
(5) Pig-iron, No. 4. (54430, ) 
(6) Pig-iron, No. 5, white. (54431.) 
(7) Slag, taken from the hot blast stoves, (54424.) 
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From the Catalan forge are shown: 

(1) Magnetite and quartz, crushed, ready for separating. Crown Point Mine, Essex 
County, New York. (54436.) 

(2) Separated ore, magnetite with a little quartz. Crown Point Mine, Essex 
County, New York. (54435.) 

(3) Tailings, separated from Crown Point ores, (54437.) 

(4) Wrought iron, sample billet. (54432.) 

(5) Cinder. (54434.) 


WARWICK FURNACE. 


This furnace is situated on the line of the Philadelphia and Reading 
Railroad, at Pottstown, Montgomery County, Pennsylvania. It is 55 
feet by 153 feet, and provided with iron pipe stoves for heating the 
blast to about 860° I’. The ores smelted consist of a mixture of a large 
variety, and it is not uncommon to use six or seven different kinds at 
onee. The charge, when the samples of pig-iron shown were taken, was: 








‘ Per cent. 
Roasted Boyertown dace senso ses peeoc ie cae ear eese eee 30 
Wilbats sive. See eds Gita ec cn stems ee es senate 10 
Cooper Minine Company.---2 as cee ee eee eee eee 10 
Staten Island, “aed? 2s. <2 S328. et te ae ee neces 74 
Staten Teland:“""Blachk” 2223.2 asa san see ieee eee 74 
Staten) island! Brown?’ 22 eieeeee seo eee eer 74 
Hematite sas Ss oo corse Sena teste ey Senet ea ciewe pe ere ete ee 72 
Scrap CiMGeR so. asec cise cen eee eee eee acaaae 10 
Mall Seinder ono 95k sisteGas eS ce cere - facta ricieeeiciee 10 

100 
TiMEStONe Sees seek Sows 2a Se celeieaecn ce Cee ese eee eee eS 


The fuel used is a mixture of three-quarters anthracite coal and one- 
quarter coke, and 2,000 pounds willsmelt 3,200 pounds of ore. The col- 
lection shows: 


Ore. 


(1) Magnetite and caleite. Boyertown Mine, Berks County, Pennsylvania. (54101.) 

(2) Roasted Boyertown. (54108.) 

(3) Limonite, called ‘‘ Red” ore. Staten Island, Richmond County, New York. 
(54103. ) 

(4) Limonite, called ‘‘Brown” ore. Staten Island, Richmond County, New York. 
(54104. ) 

(5) Limonite, called “ Black” ore. Staten Island, Richmond County, New York. 
(54106. ) 

(6) Limonite, called ‘‘ Hematite.” (54102.) 

(7) Magnetite, pyrrhotite, and quartz. Cooper Mining Company Mine, Chester, 
Morris County, New Jersey. (54105.) 

(8) Hematite, from the Island of Elba. (54107.) 


Fluxes. 
él) Serap einder. (54125.) 
(2) Cinder, from nail mill, (54128.) 
(3) Limestone. Port Kennedy, Montgomery County, Pennsylvania, (54109.) 
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= Products. 
* (1) Pig-iron, No, 2. (54122.) 
(2) Slag, made with No. 2 pig-iron, (54127.) 
(3) Pig-iron, No. 3. (54123.) 

(4) Slag, made with No, 3 pig-iron. (54126. ) 
(5) Flue dust. (54124. ) 


NORTH CORNWALL FURNACE. 


‘The North Cornwall Furnace is situated 3 miles south of Lebanon, 
Lebanon County, Pennsylvania. The furnace is 65 feet by 15 feet. The 
blast is heated by Pleyer hot ovens. 

The only ore smelted is that mined from the Great Cornwall Mine, 
This is very high in sulphur, and generally contains a little copper, 
and the pig-iron is known as “Cornwall Red Short” iron. A small 
amount of ore from the surface 1s smelted direct, but most of it requires 
to be roasted for the removal of the sulphur. The ores carry 42 to 62 
per cent. iron, 6 to 20 per cent. silica, trace to 1 per cent. copper, trace 
to 3 per cent. sulphur, and 0,001 to 0.004 per cent. phosphorus. 

The tuel used consists of a mixture of anthracite coal and Connells- 
ville coke, and the flux isa limestone. The collection shows: 


Ore. 


(1) Magoetite, surface specimen. (A4179.) 
(2) Magnetite and pyrrhotite. (54176. ) 
(3) Roasted. (54178.) 


Fuel. 


(1) Anthracite coal. Draper Colliery, Schuylkill County, Pennsylvania. (54180.) 
(2) Coke, from Connellsville, Pennsylvania. (54175. ) 


Flux. 


(1) Limestone, Krider's Quarry, Lebanon County, Pennsylvania, (54181. ) 


3 Products. 
(1) Pig-iron, No.1. (54166.) 
(2) Slag, produced with No. 1 pig-iron. (54170.) 
(3) Pig-iron, No.2. (54167.) 
(4) Slag, produced with No. 2 pig-iron, (54171.) 
(5) Pig-iron, No.3. (54168, ) 
(6) Slag, produced with No. 3 pig-iron. (54172. ) 
(7) Slag, crystallized; produced with No. 3 pig-iron. (54174.) 
(8) Pig-iron, mottled. (54169.) 
(9) Slag, produced with mottled pig-iron, (54173.) 
(10) Buckshot iron, a mixture of pig-iron in small shot cemented by a difienltly 
fusible slag. (54177.) 


By-products. 


(1) Flue dust, taken from the pipe leading to the hot-blast stove. (SALG5.) 
(2) Flue dust, taken from the floor of the hot-blast stove, (54164. ) 
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The average composition of the pig-iron is shown by the following — 
table, the samples being taken from many tons of each grade. 


Pig-iron. 
































| 

No.1. | No.2. | No.3. | Mottled.| White. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
SULCOM(S)) cea cewee eee memceciesccnn ceca ee kel 2. 949 2. 330 1. 935 1. 423 0.913 
Sullplhuri(S)iis- soto saan cesses wesc se beneceeee sees trace. 0. 009 0. 064 0.185 0. 204 
PHOSPHORUS (IE) Soe cee Ss sc aoe cee 0. 048 0.038 0, 042 0, 042 0. 033 
Combined carbon (CC) ..---. Vein wee nichole oaemerer 0. O84 0. 048 1, 229 1. 361 2. 766 
Graphite (Gr) 222. Shas cence se metiisseine eee eee 3.411 3. 276 2.319 2. 042 0. 359 
Coppern(Cu) ss csnssaccc dines sect r ee sem eemicteetciae 0. 766 0. 784 0. 750 0. 748 0. 784 
Iron; ete undetermined <2. -ceeeceeee so eeeeeeeeee 92.742 93. 083 93.661 | 94.249 94. 941 
MObBL cae Se se enn eS 100.000 | 100.000 100.000 | 100.000, 100. 000 





Analysts, Booth, Garret and Blair. 
LONGDALE IRON COMPANY. 


The furnaces of this company are located at Longdale, Alleghany 
County, Virginia. (See PL. xxtt). The ore used is limonite mined near 
the furnace, and the fuel is coke made from New River coal, mined at 
Sewall, Fayette County, West Virginia. 

The collection was taken by Capt. J. EK. Johnson and shows: 


Ore. 


(1) Limonite, lump ore. (55902.) 

(2) Limonite, fine ore. (55900. ) 

(3) Limonite, washed fine ore. (55899. ) 
(4) Tailings, from washer. (55901. ) 


Flux. 
(1) Limestone. (55903. ) 


Products. 


(1) Pig-iron, No. 1. (55888.) 

(2) Slag, produced in naking No. 1 pig-iron. (55889.) 

(3) Pig-iron, No. 2. (55890.) 

(4) Slag, preduned 4 in making No. 2 pig-iron. (55891.) 

(5) Pig-iron, No. 3. (55892.) 

(6) Slag, produced in making No. 3 pig-iron. (55893.) 

(7) Pig-iron, mottled. (55894. ) 

(8) Slag, showing crystallization ; produced in making mottled pig-iron. (55895.) 
(9) Pig-iron, gray forge. (55896.) 
(10) Slag, produced in making gray forge pig-iron. (55897.) 


By-products. 


(1) Cadmia, a deposit containing zine; formed in the upper part of the furnace, 
(55898, ) 
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MISSOURI FURNACE COMPANY. 


The plant of this company is located south of St. Louis, at Carondelet, 
St. Louis county, Missouri. It was built in 1869. There are two tur- 
naces, 56 feet by 15 feet. 

The ores used are mainly from the [ron Mountain and Pilot Knob 
Mines. The flux is quarried near by and the fuel consists of a mixture 
of Bryden bituminous coal and Connelisville coke. The collection was 
taken by Mr. J. P. Gazzam, &. M., August, L884, and shows: 


Ore, 


(1) Hematite. Pilot Knob Mine, Iron County, Missouri. (54571.) 

(2) Hematite. Pilot Knob Mine, Iron County, Missouri. (54572. ) 

(3) Hematite. Judith Springs Mine, Franklin County, Missouri. (54576.) 

(4) Hematite. Iron Mountain Mine, St. Frangois County, Missouri, (54579. ) 

5) Hematite, washed ore. Iron Mountain Mine, St. Francois County, Missouri, 
54575. ) 


Fluxes. 


(1) Limestone, compact, granular. (54582. ) 
(2) Limestone, crystalline. (54583. ) 
(3) Limestone. (54584. ) 
Fuel. 
(1) Anthracite coal. (54557.) 
(2) Bituminous coal, Bryden, Illinois. (54591. ) 
(3) Coke, from Connellsville, Pennsylvania. (54595. ) 


Produets. 













(1) Pig-iron, No.1. Made from Pilot Knob, Iron Mountain, and Southwest, hema. 
tite ores. (54598. ) 

(2) Slag, produced in making No. 1 pig-iron; taken from the runner, and contain- 
ing pig-iron on the bottom. (54602.) 

(3) Slag, produced in making No. 1 pig-iron. (54605. ) 

(4) Pig-iron, No. 2. Made from Pilot Knob, Iron Mountain, and Southwest hema- 
tite ores. (54600.) — 

(5) Slag, produced in making No. 2 pig-iron, (54607.) 

(6) Slag, self slacking, containing shots of metal; produced in making No. 2 pig- 
iron; buckshot iron. (54606. ) 

(7) Pig-iron, No. 3, Made from Pilot Knob, Iron Mountain, and Southwest hematite 
ores. (54599.) 

(8) Slag, vesicular; produced in making No. 3 pig-iron. (54610.) 

(9) Slag, honeycombed ; produced in making No. 3 pig-iron, (54611.) 


ST. LOUIS ORE AND STEEL COMPANY. 


The four furnaces of this company are located at South St. Louis, 
St. Louis county, Missouri. Two are 60 feet by 14 feet, one 60 feet by 
15 feet, and one 65 feet by 16 feet. The ores used are mainly from 
lron Mountain and Pilot Knob, and the product is Bessemer pig-iron, 
Coke is used for fuel. The produet of the four furnaces is about 55,000 
tons yearly. 
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The collection includes a very complete series of the pig metals of 
different grades and two samples of slag. 
Pig-iron. 


| 








Grade. Furnace. Silicon. Sulphur. | Phosphorus. No. 
| ue Pa ¢ | ORY | ae 
NOM be oie aera ee 8 BF | D 3.75 Trace. | 0.11 (55411) 
1S Tg ee ae ee pina kc aa es 3.43.8) 0.024-0.048 | 0.063-0.064 (55412) 
ING So ee ee Fcc ee tee ee | D 3.25 0. 02 0.105 | (55413) 
TNE holes bag ere D 27 0.09 0.07 | (55414) 
ang ea et ee Se D 2.7 0. 063 0.063 | (55415) 
Siliccous\=..5----=--==: ieee Soe D 5.4 0. 00 - 0.065 (55416) 
Gn tee ete: It ek ee il 3.5 Trace. 0.09 (55417) 
BN OY Let te Sa at et ee eee (Cor D £,1—4.2 | 0,023-0.025 0. 055-0. 056 (55418) 
INOS Sea eas ooce toe eee ee eee he Axe: 3.0 0.03 0. 09 (55419) 
NONE Ree ese Re Bee. Se VAG 2hF 0.023 | 0. 063 (55420) 


| 


Slag, produced in making No, 1 pig-iron. (55408. ) 
Slag, produced in making No. 3 pig-iron. (55409.) 


ROANE IRON COMPANY. 


The blast furnaces of this company are located at Rockwood, Roane 
County, Tennessee. There are two furnaces 65 feet by 16 feet and 65 
feet by 14 feet, supplied with iron pipe blast stoves. The ores used 
consist of the local fossil ores. The fiux is a limestone quarried on 
the bank of the Tennessee River near the furnaces, and the fuelis coke 
made from a coal mined near the furnace. 

The charges in the furnaces are: 


| In making— 


No. 3 iron. 


| No.1 iron.| No.2 iron. 





| Pounds. |” Pounds. Pounds. 
Raw Coal......-...-- 2-2-2222 eee ene eee ne erence nme ecceene 625 625 625 
pie cee ein a here ae a ee a te a cee ea ed 2, 800 2, 800 2, 800 
IgimMes LONG eee sess Se eae See eee elect eetecns pene eter eee nee 900 850 850 
AOC ENN Sane SaisadheanosccsocesoodosscesranasdeS Se : = 
Ore . ? PWielGkercs se sctes cee ee csieet eee Jute sheeecteaseee ease Shin oro 
Mall eind 6rsccce se eceeostclter coe on aa iol opine aeteeapiteae : 300 300 300 


Pressure of blast, 34 pounds to 3} pounds. Temperature of blast, 950° F. 


The collection was taken by Mr. M. M. Duncan, superintendent, 


August, 1884, and shows: 
Ore. 


(1) Hematite, fossil ore. Rockwood Mines, Roane County, Tennessee. (54527.) 

(2) Hematite, soft fossil ore. Crescent Mine, Roane County, Tennessee, (54526.) 

(3) Hematite, hard fossil ore, taken 20 feet below the surface. Crescent Mine, 
Roane County, Tennessee, (54523. ) 

(4) Hematite, soft fossil ore, Welcker Mine, Roane County, Tennessee, (54531.) 
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(1) Limestone. (54522. ) 
Fuel. 


(1) Bituminous coal, used for the manufacture of coke. (54532. ) 
(2) Coke. (54521.) 
Products. 


(1) Pig-iron, No, 1 foundry iron; made from fossil ores. (54501.) 
(2) Slag, produced in making No, 1 foundry iron. (54513. ) 
(3) Pig-iron, No. 2 foundry iron ; made from fossil ores. (54504. ) 
(4) Slag, produced in making No. 2 foundry iron, (54515. ) 
(5) Pig-iron, No. 3 foundry iron; made from fossil ores, (54506. ) 
(6) Slag, produced in making No. 3 foandry iron. (54517.) 
(7) Pig-iron, No. 1 drillings, showing average quality. (545099. ) 
(8) Pig-iron, No. 2 drillings, showing average quality, (54910. ) 


Accessories. 


m (t) Flue dust, from gas ways of the furnace. (54512. ) 
(2) Ashes, from the hot-blast stoves. (54508. ) 


The following series of analyses made in the laboratory of the de- 
partment by Mr. J. A. Allen represent the different on. of pig-iron 
and the corresponding slags: 

















Pig-iron. 
No. 1 iron. No. 2 iron. No. 3 iron. 
Per cent. Per cent, Per cent. Per cent. Per cent. Per cent.| Per cent. 
PEELE gts foe ovale es 9 2. 59 2. 63 2. 98 2.97 2. 89 8.12 3. 05 
Phosphorus (P) ...-.-....---. 1.32 1.35 1. 20 IR Oz 1, 25 1.85 1.34 
SOC (ry tn ane. owen nena 0. 024 0. 027 0.025 0. 027 0. 026 0. O41 | 0. 038 
Manganese (Mn).......-..-- 0.63 0.74 0.61 0.78 0.68 0.62 | 0.81 
Slag. 
mo. Ll. | No.3; No. 3. 
| 
Per cent. Per cent. Per cent. 
PRC MEENA noth unk bi brake ssnan eek wcsuastucmase Jas tieews eaten 5 33. 10 33.15 34.85 
OE aN aie oa wo oe win tidd dapiry wo catann nau dee amen eas 18. 15 17. 36 18. 90 
OU erate Segue day camccwses oedadths areca cxeaann 1. 00 0.58 0.85 
PERI RN GSS (MNO) ovens anacay sacs seeks eewarcanscndduae 0.56 0. 54 0. 38 
a es ee ae ely et bw thus s <susNe a a0 Caunaws ddewesuecxsvs 38. 08 30.52 37. 30 
Se ARC CORA COTES) nek can ahaa Cash <> Sea es Sas hias Cenex caambee se 2. 70 2.47 2. 32 
PRPTIDOIN (REDO) shade ia da dW xncaWnn sade as c00eduscancatyicabbucsses 5 Halk 6.79 5. 06 6, 32 


— ——— 





100, 38 90. 58 100, 02 


THE APPLICATION OF IRON, 
THE FAGERSTA STEBKL WORKS. 


These works are located at Westanfors, Fagersta, Sweden, and manu- 
facture Bessemer steel of very high grade, partly due to the great 
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purity of the ores used and partly due to the skill displayed in carrying 
on the works. 

The iron ores and limestone employed at the charcoal blast furnaces 
at Westanfors and Fagersta consist of the following component parts: 











| Iron ore from the mines of— THoatone 
Gstra | nes [eo arene 
Stortiicten. Granrot. | Gréndal. Hedkarra. 
SICH (SIO) te sesesces Soo. cee oases ae aaa e ee eee ee 27.49 3.10 6. 35 10. 82 
lcnina (AIOn ss on tec aos tjs ec oe ee | 1.30 2.05 | 1.15 | 7.15 
Hare OC) he tec cpio k nn ee eee | 2.16 | 1.20 2.65. | 36. 61 
Magnesia (MgO)...-.--..-.----- Sakisle aR ate arse ree | 1. 76 1.05 | 3.85 | 6.86 
Protoxide of manganese (Mn) ...-.:--.2-.---.-.-.-.: | 0.81 | 10.40 | 5. 50 1,25 
Protoxidesofiron (HeEO) = sense eee eee ee ees 20.74 | 23. 56 22), 82)" ||. See 
Sesquioxide ofiron (He,03).- 2.5----22-- 22 e-seeees see 46. 14 52.44 | 50.78 4152 
Carbonicacid: (COs mets iic-s bace eect ees ace oe ee ee Oee ees Or onee : 6.10 | 5.95 | 37.18 
Phosphoricacid (P.Os) 204-22 ees. see eee 0.016 0.009 | 0. 014 | 0. 007 








100. 416 99. 909 | 99. 064 | 99. 877 


The average chemical composition formed by the mixture of these 
iron ores with the limestone, employed as flux, is as follows: 


Per cent. 


Silica ((Si@z). t42Jsscncoees cass eas eaere a ise eeeeerteecame 11.93 
Alumina (AIGOs) 2 eetssee eae ose wcleleeememeee te eens 2.50 
LimeN(GaO ye. Sak eens «eee ae te eee Te cE er aoa ee 7.51 
Maonesial (Mic @) Ssaeci neon. een seen ese te Seas moe 2. 76 
Protoxideofmanganese (MnO)! = = 225 52ee oes === 0eOe 
Protoxide ofaton) (Rh6O)ss2 Se. seas eee eee ee ene 19. 76 
Sesquioxiderofanon (hle:O3) meses se oes eee eee eee 43. 89 
Carhbonietacids( CO) sae Seek sete Soe oe eee ee eee 6. 02 
Phésphoric-acid (PsO)\-csce crs se ee ace ee oe eee eee 0. 013 


100, 013 


Such a charge yields, upon smelting, from 48 to 50 per cent. of pig- 
iron, which is tapped direct from the blast furnace into the Bessemer 
converters, and consists on the average of the following component 


parts: 
Per cent. 
Carbon, combined (CC) io22 ee conn caoccc seer eee eee eee oes OU. 


Carbon) craphitienOGn) pec. ots on eee cee eee eee ere 1. 289 
Silicon (Si) sseh ee aoe Fee Sees oe ee ee eee eee Oe reiaal 
Manganese: (Mn) ossess. sme bee ce ees bate, Soe eens 4, 491 
Phosphorus (PB), .a.2eeetc eee eee eee aan asee . 0. 027 
Salphur (S))22so222 25. se a a ee ee eeeene trace. 


ae eee ee ee oe) ee 


aa 


athe 


lactacin nein cn ttt Cit il 





COLLECTIONS IN ECONOMIC GEOLOGY AND METALLURGY. 161 


The blast furnace slag contains: 


Per cent. 





Se ReMi aatit swale ddWddcsds Cava Rnepadvabens soeses 41. 96 

DR ERR TREN COLAO he Voge toca ea an na Wie atm apie niles sco cen 7. 02 
PEN) UP Rate tacit cmnetiiee tie ee ee cd Gu wade ce ns <' weve 25. 04 

IOC TLE CREO) at eee ee a Are nie da ater owes 7S ee mg side oe 17.75 
Protoxide of manganese (MnO) .............--c0. cesecese 6. 57 
mwas Of iron: (K6O) 2 ocete coness vaamericcacansacd css 0, 23 

- SEIS S10) br EOWA TIONS cake Cte aici eda das an See vin'e wee welwa) (eeRa ~ 
98. 57 


As no spiegeleisen or ordinary cast-iron is employed to recarburize 
the metal, the “ blow ” must be stopped when the proportion of carbon 
in the steel is reduced to the proper degree. Notwithstanding this, 
the steel is entirely free from red-shortness. 

The following analyses show the chemical compositions of the various 
classes of steel employed for the purposes specified : 





Manga- |Phosphor. i 
Eien in Sulphur. 


| Carbon. | Silicon. 


| Per cent.| Per cent. Per cent.| Per cent. 


(a) Steel for soft plates, railway axles, etc... ..-.. a 0. 085 0.008 Trace. | 0.025 Trace. 
(b) Steel for gun barrels, shafts, eto .........-..... 0, 25 0. 036 0,234 | 0. 022 Do. 
(c) Soft steel for tools, saws, etc ...... ...---..---- 0.70 | 0. 032 0. 256 | 0. 023 Do. 


(d) Hard steel for tools, chisels, turning tools, ete. 1.05 | 0. 067 0.355 | 0. 028 Do. 


An analysis of the slag from the converter, taken at the close of the 
process, Shows its composition to be as follows : 





Per cent. 

IPN PLO acta ty Sale De wand one wa ote ses 4 wee dene et 46.70 
PM GA sOks Pon esse nay seo peLitie eet Soe we a ee 4. 24 
MEU OR) pene Blo hc Sis a aL tian d oe aa vue aaouet < 0, 48 
ECE IIORL SE (EIPCD ote tate Oak. bok SP 8 Dealers othe hoes Sauda OGL 
Protoxide of manganese (MnO) .......- feeds Civ awards ood 7 32. 37 
Rem DOREOE OLITOIN CM OO) tats sao tel wee lee ebeaes poe cee ean eee 15. 63 
99. 59 


KIRKALDY’S EXPERIMENTAL INQUIRY INTO THE MECHANICAL PROPERTIES OF FA- 
GERSTA STEEL. 


Mr. David Kirkaldy, of London, has made a very elaborate and sys- 
tematic investigation of the product of the Fagersta works. The exam- 
ination was designed to show the actual mechanical properties of the 
average product, and this was carried out very carefully. 

A selection of the specimens tested has been placed on exhibition in 
the Museum. 

Neries A. 


To ascertain the mechanical properties of twelve hammered bars of 
various degrees of hardness, or the behavior of the steel when sub- 
jected to the various stresses which oceur in engineering works, namely, 

9110—No, 42 11 
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pulling, thrusting, bending, twisting, and shearing, bars containing 1.2, 


0.9, 0.6, 0.3 of carbon, three of each, were used to obtain an average. — 


The bars were all hammered to 2 inches square, wer¢ all similarly pre- 
pared and all similarly tested, so that the results are strictly compara- 
ble. Throughout the entire series of experiments the stress is expressed 
in pounds per square inch of the specimen’s original area unless it is 
otherwise stated. 

First. Pulling or tensile stress —strength.— Elastic stress, 62,033, 63,066, 
58,100, 43,100 pounds; ultimate stress, 85,200, 106,603, 102,632, 61,312 
pounds. 

Ductility—Contraction of the specimen’s area at fracture, 2.65, 6.11, 
14.43, 61.52 per cent. of the original area. Ultimate extension, or the 
amount that the specimen has stretched, 1.8, 5.1, 6.6, 16.5 per cent. of 
its original length. In the order of their carbon contents the highest 
being given first. 

Characteristics of fracture.—Bars 1.2, 0.9, 0.6, all broke more or less 
suddenly, and are wholiy granular and right-angled fractures; the 0.3, 
or softest, broke very gradually, appearance wholly silky and of cup- 
form. In the granular fractures some radiate from the center, whilst 


others from or near the side of specimen presenting a fan-like appear- — 


ance. 
Second. Thrusting or compressive stress.—Specimens equal to 1, 2, 4, 
and 8 diameters, showed the following results under elastic stress : 


| Elastic stress. 

















Length. J SS eS eer 

1:2 tel Oe 06 | 0.3 
Pounds.| Pounds. | Pounds. | Pounds. 
Whi daninra tee i oases sae wd ee ewe eeeee eee 64,000 62,666 | 60, 000 39, 000 
aR ac Tai tanh oon eae ogee ent las eet Se acre aee 63,333 58,666) 57,333 | 42, 000 
one Ulameter Pees er eg on zoe see oes a ee | 62,333 58,666 | 53,333 41, 000 
Michi Wiameberie. 5. oc ooe sacs o oan cee sec oebena see secenaee | 61,666 58,000} 52,666 40, 666 











Motaltmean.---22 cesses sees a-e aeea eo ee Tae econ | 62,833 | 59,499 | 55, 833 | 40, 667 

The stress becomes gradually reduced as the length is increased, the 

hardest bars under thrusting giving the highest results, which was 
found not to be the case under pulling stress. 


Ultimate stress. 














Length. ee ass 
152 0:9: 91 2 OnG =r alan tOgS 
Pounds. | Pounds. Pounds. | Pounds. 
PEwOdtameter co seidteecice oe scten se baseless nine clan seimelels Reema 169, 907 173, 287 156,000 121, 333 
Woumidiameterss cee ceee ae ames sie aes ate onic eines see oalelie ere 133, 383 | 117, 560 | 105, 333 81, 760 
Mivhtrdismeber,o-<scse serene aee c= ee ieee eae emai net 102, 178 95, 207 | 84, 827 47, 513 


Po talMean aaeda wes ee eee eee eee eee a eee 135,138 | 128,685 | 115, 387 | 83, 535 


ua a 
ape. 7 ae 


ee a ee 


it ete a i 


a a 
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Effects. — All of the 1-diameter lengths bulged, three of the 2-diameter 
detruded or fractured by one portion angularly sliding off the other, 
whereas the others assumed a skew form without fracture. All of the 
4-diameters likewise changed to a skew form except the softest, which 
buckled in the center without fracturing, as was also the case with all 
of the 8-diameters, excepting one of the hardest, which snapped after 
buckling. 

Third. Bending or transverse stress.—Strength.—The bars planed to 
1.90 by 1.90 inches placed on bearings 20 inches apart, supported in the 
center showed at elastic stress, 21,153, 21,700, 18,333, 15,767 pounds, and 
at ultimate stress, 52,589, 43,835, 38,145, 25,285 pounds, each being the 
mean of the three bars tested, given in the order of carbon contents. 

- Stiffness.—-The ultimate deflection, at rupture, or that when the great- 
est stress was reached, was as follows: 0.78, 1.49, 3.31, 5.11 inches. 

Effects.—The three bars 1.2, and the three bars 0.9, and one of the 
0.6 broke, presenting a granulated fracture, while the others doubled 
up without breaking. In order to develop the change in the form of 
these and of similar bars when tested some had circles drawn on their 
sides, some diagonal lines, others transverse lines, and others both 
transverse and longitudinal lines. 

Fourth. Twisting stress —These specimens were formed with three 
square bosses. In testing the one in the center remains comparatively 
stationary, whilst those at each end are made to rotate simultaneously 
in the same direction. 

Strength.—These bars having a sectional area of 1 square inch and a 
torsional length of 8 diameters, resisted at elastic stress 1,135, 1,125, 
1,083, 763 pounds, acting upon a lever 12 inches in length on each end 
of the specimen; and at ultimate stress 2,120, 2,336, 2,261, 1,520 pounds. 

Rigidity—The amount of ultimate torsion was 0.291, 0.793, 1.021, 
3.219, each of these being the mean of six. On examining the detailed 
results it will be noticed that both halves of the specimen do not fracture 
at the same time, thus B 1069, the first half, gave way at 0.207, whereas 
the other half was moved to 0.227 before fracture occurred, the other 
specimens varying more or less. 

Effects.—The lines on the three hardest bars, 1.2, show that they 
have been twisted from two to four tenths of one turn before fracturing, 
bars 0.9 from seven to nine tenths, 0.6, from nine-tenths to one turn 
and one-tenth, whilst the softest from two and a half turns to three and 
three-quarters previous to being fractured. The hardest bars all broke 
suddenly, the fractures*being composed of many spiral formed pieces 
and all presenting a fine granular appearance. Those of medium hard- 
ness all broke with a well defined spiral fracture at an angle varying 
from 55 to 57 degrees, a straight fracture between the extremities of the 
spiral completing the separation, presenting a fine granular appearance. 
The softest bars broke very differently to the others, as they all parted 
right across, or in a plane perpendicular to the axis, presenting : 
smooth, shining fracture. 
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Fifth. Shearing stress.—This is the stress that comes into action on 
-the pins of bridge and roof links, namely, a center link pulling in one 
direction while the two side links pull in the opposite See thus 
tending to cut or shear the pin at the two junctions. 

Strength —Ultimate shearing stress 61,412, 79,737, 71,648, 45,410 
pounds per square inch, given according to carbon contents, each being 
the mean of experiments on three bars. These experiments prove that 
the strength to resist a shearing is on an average one-fourth less than 
the tensile strength. 

Hardness.— As shown by the amount of detrusion before rupture 
0.193, 0.249, 0.281, 0.323 parts of 1 inch. 

Effects.—The hardest bars, 1.2, were very slightly cut, but broke sud- 
denly into many small pieces at the junctions; 0.9, more cut and fewer 
pieces; 0.6, edges more curved on reverse sides, and cut, only two 
small pieces; the fractures being all granular, excepting where cut 
Bars 0.3, or the softest, reverse sides more curved and cut, and remain- 
ing portions parting with a smooth shining surface. 


Series B. 


Steel ingots cast to 6 inches square were tested by pulling to ascer- 
tain the mechanical effects produced by their being hammered down to 
5, 4,3, and 2 inch square bars. Four ingots, ef different degrees of hard- 
ness, containing 0.8, 9.6, 0.4, and 0.2 of carbon, were operated upon. 

One set was tested as received, the other ee as annealed. The dif- 


ferences between the unannealed and the annealed are more marked in 


the elastic than in the ultimate stress borne. 























Elastic stress. | Ultimate stress. 
Description. | ms | 7 = 
As received. Dau Annealed. erence. | nealed. Annealed. | Difference. 
Nhe a etal Ae = es | : SNe Ss 2A 1S 
| Pounds. | Pounds. | Per cent. | Pounds.| Pounds. Per cent. 
DG eet aCe eee oneaeed | 53,457 41, 500 | 22.3 | 75, 959 | 70, 608 7.1 
| | 
DG orteee ereee  eine inte= oie os | 41, 743 39, 856 | 4.4) 75, 639 74, 481 1.5 
Ree eae cteie Mar Sie eles aE | 31, 9438 | 29, 671 eal 65, 001 | 62, 334 4.1 
Dp yd owe eee ea | 27,800/ 25,514 8.2 56,401| 54,300 3.7 
| Se 
Potalimeanree = -s-cee wane | 38, 736 | 34, 143 11. 86 | 68, 250 65, 431 4,13 








Annealing the bars gives 11.86 per cent. less in the elastic and 4.13 
per cent. in the ultimate stress. 


Rien Unannealed. 
Description. ; = Je*. 
Hammered to 2 inches square. Plneticteinese: . DLaate aktouar 

| Pounds. | Per cent. Pounds. | Per cent. 
ORS Bsen eerie eee eae na anne anes ome from 47, 650 to 66, 500 | 39.1 from 67, 162 to 98, 624 46.8 
ORG So 52k oe Soca cme cima tatstawemin tion | from 38, 550 to 47, 700 23.7 | from 68, 230to 97, 887 | 43.5 
Ors ie eal he Se Skee tsi Secs ste aoe dAS So | from 28, 300 to 39, 200 | 38.5 | from 55, 223 to 75, 013 35. 8 
| 5 from 52, 898 to 59, 940 13.3 


OND namo etcewrasa ta tees pcscee seeaems Se | from 22, 200 to 35, 200 58. 





Pineal anipan ies ese h eee | from 34, 175 to 47,150. 38.0 from 60, 878to 82, 866 36.1 
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= 
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— The increase in strength due to hammering is not constant for the four 
classes, for whilst the increase is greatest in the softest material under 
elastic stress it is just the reverse under ultimate stress as is also shown 
by the annealed specimens, 


_ - -—_—— 


Annealed. 
































Satatteee 25 = 
9 * 
Hammered to 2 Inches square. Elastic stress. Ultimate stress. 
> Pounda, Per cent, Pounds. Per cent. 
a ain oni a need @ wxnme ean | from 38, 850 to 47, 500 22.3 from 63, 542 to 86, 073 35.5 
SE from 37, 150 to 46, 300 24.6 from 74, 043 to 91, 807 24.0 
Eo we Peers swan chyecn from 26, 150 to 36, 500 39.6 from 53, 002 to 70, 787 33.6 
Re eS Seon ee ns vae wayne wianes from 20, 150 to 33, 100 64.3 from 52, 800 to 56, 347 6.7 
PROWL MPN, oon 6 Goons « wee ans from 30, 575 to 40, 850 33.6 from 60, 847 to 76, 253 25.3 





The general average shows 33.3 per cent. as the gain in strength of 
the steel due to hammering 6-inch ingots down to 2 inch square bars. 
Hammering also increases the ductility of the material, as proved by 
the specimens becoming more contracted in area at fracture, and also 
by the increase in the ultimate extension. 





Description. Contraction of area. Ultimate extension. 
Hammered to 2inches — . 2s 
square. | Unannealed. Annealed. Unannealed. | Annealed. 
Per cent. Per cent, Per cent. Per cent. 
(Sica Retain seca from 1.5to 3.2| from 2.1to 8.1| from 1l.1to 2.2 from 1.7to 5.5 
i Viecwave siesss «savas from 2.5 to 28.4 from 14.9to 46.0 from 2.0 to 10.2 from 7.2 to 12.7 
Se ietcin gdee sip eon nas from 4.2to52.5 from 5.2to57.6| from 3.4 to 17.9 from 4.3 to 19.1 
0.2 ee ASE ae from 11.9to 61.4 from 27.Lto64.1! from 11.6 to 22.5 from 18. 2 to 22.2 




















Total mean..... from 5.0to 36.3 from12.3 to 44.0 from 4.5 to 12.2 from 7.8 to 14.9 














Series C. 

The mechanical effects produced on steel bars containing 1.0, 0.5, 0.15 
of carbon, by reducing to various sizes, viz, 3, 24, 2,14, 1 and 4 inch 
ir square bars, some by hammering, others by rolling were next tested. 
In this series, as in the preceding, and for the same reasons, spec- 
_imens in duplicate were prepared and tested as unannealed and an- 
nealed. Six bars hammered from 3-inch square to 4-inch square, and 
six bars rolled to the same sizes. 


























Elastic stress, Ultimate streas. 

Desscription. Dake v oa 
ehaleck Annealed. Difference. | analail Annealed. | Difference. 

Hammered : Pounds. Pounds. Per cent. | Pounds. Pounds. ler cent. 
ee iacehbindh Gh sahd ah as doe ee 73, 383 56, 017 23.6 99, 223 05, 961 3.3 
etn td Syasve yal eanans 48,850 | 38, 823 20.4 | 81,207} 75,542 6.9 
area edase wads (nuns Pas 40, 633 28, 617 29.5 60, 834 53, 735 11.6 
pec te Foci eS aces baa ae Ses 
SOG INGAI . dedesnucaseua: 54, 289 41, 152 24.5 80, 421 75, 079 7.2 
Rolled : a a ae ee a 
UM ee 67, 900 52, 067 23.3 105,784 100, 415 3.0 
US ae 39, 283 35, 917 8.6 79, 470 76, 477 3.7 
OF Geos fakok sveensecadsosns. 28, 317 25, 238 10.9) 56,843 | 53, 238 6.3 
Total mean............... 45, 107 87, 739 14.3) 80,699 70, 710 5.0 


Cen eee Se 
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Hammered bars gave 24.5 per cent. less in the elastic and 7. 2 per cent. 
in the ultimate, and rolled bars 14.3 and 5 per cent. as the result Oks 
annealing. 


The softening of the steel due to annealing is also shown by— 














































































































| Contraction of area. | Ultimate extension. | eee of vs (3 4 
Description. Be, 12 | leas | : ile one FES a 
Unan- | An- | Differ. | Unan- | An- | Differ- | otica. len a 
nealed. | nealed. _ ence. nealed. | nealed. | ence. granular. ernie — 
Hammered: | Per cent.| Per cent. | Per cent.| Per cent.| Per cent. Per cent.) Per cent.| Per cent. _ s 
BAO Pe es SoBe 6.2 9.3 3.1 2.6 4.9 28 98 98 a 
io Sten Fee | S28] 419 9.1 13.1 14.8 1.7 41 35 : 
OM. be tocet suet |i 2 BBr yo me GBI0 eae 20. ¢ 21.0 | 1.0 | 11 1 a 
Total mean... 31.4) 39.3. eee [Sane ee eae 50 45 7 
Rolled ln aire es igz | ' | : 75 a 
DOW RL Ga) seed 5.0 | 3.4 4.9 | 1.8) 99 95 x 
Ds ee ae 20.6; 349] | 14.3 11.5 LIB 31, p08 72 55 4 
O16 Scacce seas 56412) OT 11.3 26.2 27.0 ai 0.8 17 0 
Total mean «| 27.9 31) 10.2) 13.6 14.6 Ee 1.0 63 50a 
a 
ee a 
The increase in the amount of stress borne, both elastic and ultimate, = 
due to the additional work in the manufacture in reducing from 3 inch w 
square to $ inch square is shown by— é 
| Unannealed. nm 
Description. ae = oa 
| Elastic stress. Ultimate stress. a 
72" ‘il UAE , se cr | ia 2) =i aoa = 
Hammered: Pounds. Per cent. | Pounds. | Per cent. Ret 
NA) crae oc eke ee | From 61,500 to 94,200 53.2 | From 70,262 to 135,720 | 93.2 = 
O05 Sotacctasete cs caeeescestes | From 38,800 to 78,300 | 101.8 | From 70,080 to 95,960 36.9 Leg 
Dale esse tate eae mee Senet | From 28,400 to 57,500 102.5 | From 56,623 to. 72,140/ 27.4 a 
Total mean .....-2.-.+----- A From 42,900 to 76,607 78.7 | From 65,655 to 101,273 | 54.2 
Rolled: Pree 7 ae a 
BuOieet a ihairn Pena eR eee 2 | From 60,200 to 78,600 30.6 From 75,605 to 139,980 85.1 2 
O52 Sones voce dee- net 22e+|) Brom 30,400 46,46,800 53.9 | From 62,293 to 90,730 | 45.4 : 
OS ree = cet atts serasns | From 22,900 to 33,800 | 47.6 | From 52,962 to 60,780 | 14.8 = 
———————— — SS —— - a 
WOtalMoan weece eee ae soe: | From 37,833 to 53,067 40.3 From 63,653 to 97,163 | 52.6 ae 

















The high percentages were partly due to cold hammering and cold 
rolling, and do not proceed wholly from the additional work bestowed, 
as is Shown by— 


Annealed. 


<< - 















































Description. ~ —— - ———_—_—_——- 
Elastic stress. Ultimate stress. 
-- | | ——w 
Hammered : Pounds. Per cent. Pounds. Per cent. 
Micon casddecworccscutcceee=,| Hrom 46,700 to 69,700 49.6 | From 70,925 to 122,760 73.1 
i iida wd cohnGe sane we* ectams «ao«), RYOM?) 20,000 60 47,900 60.4 | From 69,640 to 82,120 17.9 
WM Snr desc anaes conte. From 24,600 to 31,900 29.7 | From 51,587 to 56,870 10.2 
Total moan .......-5---....- From 33,700 to 49,800 47.8 | From 64,051 to 87,250 36,2 
= fp ___ __ ______ | ____—_- 
Kolled : j 
Oa ee ee oP an] From 44,300 to 64,500 46.3 | From 72,912 to 127,980 75.5 
WT ad Ae eee | From 27,600 to 41,200 49.3 | From 60,193 to 80,210 33.3 
Eaten inten ot open beige > From 20,900 to 27,900 33.5 | From 50,227 to 52,640 | 4.8 
PINTEMET DIGI sn stcs a scca wee cnc | From 30,933 to 44,633 44.3 | From 61,111 to 86,943 | 42.3 
} 





These percentages are the real values strictly due to the additional 
work expended in reducing the bars from 5 inch to 4 inch square. 
The increased ductility of the material resulting from the processes of 
manufacture, as evinced by increased contraction of area at fracture, 
is presented in the following table: 


— $$ $$$ . —————— 


Contraction of area, 


Description. aera 
| Unannealed. Annealed. 
Seta oe 
Hammered : Per cent. Fer cent. 

Re edaskctbandtendiclpadtedaden encehucans edaadden << From 0.4 to 20.0 | From 1.6 to 25.0 
SRE ee feG wei lan wea se dowss iene cencasdce dts wusexs | From 4.4 to 47.0 | From 8.4 to 55.0 
EIGN 2 taney dick camet aon de aasnca> Sulcvnn new avakddew aa. | From 41.9 to 59.0 | From 52.3 to 75.0 
REE TOMI Nero) ante Xead vain e<t oxie cuen ace se aus ate | From 15. 6 to 42. 0 | From 20.8 to 51.7 

Rolled: iy 
De hoe ta stants tn Pedsademaaapkuddsncbaiaaraveshakes x= « From 0.5to 20.0 | From 2.8 to 30.0 
CC ate cua. Shee ca cn cNed duieaa dun ak Siar sh acdeennn ox, From 4.4 to 43.0 | From 5.4 to 51.0 
MPR es oat At tad can Grclb iu cdestasbiwocheaveons bvuwiae From 57.8 to 72.0 | From 64.2 to 78.0 
TOMS Soe ae Satin ean cui dnaknweGeam dn cwew's & utes" o's | From 20.9 to 45.0 From 24. lto 53.0 





Neries D. 


Ten tests were made to ascertain the increments of length, with cor- 
responding sets, under a gradually increased pulling stress of rolled 
steel plates of various thickness, containing 0.15 of carbon. 

Two plates of each of five different thicknesses, viz, one-eighth, one- 
quarter, three-eighths, one-half, and five-eighths inch were used. 


Neries B. 


Ten tests were made to ascertain the decrements of length, with cor- 
responding sets, under a gradually inereased thrusting stress, speci- 
mens cut from same samples as series D. 
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The average increments of the first series are the average decre- 
ments of the second series as shown in table. As 20,000 pounds is 
the highest stress common to all the specimens it will now be used as 
standard. 








































































































| Increments. Decrements. | Difference. 
Description. | At 20,000 At 20,000 cy f 
eee pounds | Per thous- | Fenton. | pounds | Per thous- Ferien, re ane 
ae and pounds.| pounds, ae and pounds. pounds. | greater. less. 
ea ; | ay 4 
Inch. | Per unit. | Perunit. | Inch. | Per unit. Per unit. Per cent.| Percent. % 
Unannealed 0.0616 | 0.0000308 | 0. 00006899 | 0.0564 | 0, 0000282 | 0. 00006317 9. 22 8.44 
Annealed. .- 0.0674 | 0.0000337 | 0.00007649 | 0.0584 | 0. 0000292 | 0.00006541 , 15,41 | 13. 35 3 
| | | > | q 
ee sented th, ss 3 
Elastic stress. | Uitimate stress. : 
Description. | Large | Small | Long Large | Small Long j 
(series | (series | (series Mean. (series (series (series Mean. 
i): ES altered): F}), F'). D). 
Unannealed : | Pounds. Pounds. | Pounds. | Pounds. | Pounds. | Pounds.| Pounds. Pounds. 
oleate ite | 53,300 50, 500 38,900 | 47, 567 | 4, 915 71, 940 nopeom 67, 330 
pene aoriaiet isletele | 37, 900 35, 400 35, 600 | 36, 300 60, 480 56, 740 54, 140 57, 120 
etal tats | 29,500 | 29, 300 25, 400 28,067 | 51,456 50, 345 48, 925 50, 243 
tee cetsesises a 31, 100 30,800 | 27, 500 29, 800 55, 803 54, 425 50, 160 53, 463 
Reena cnisiietes oe 28, 000 28,300 | 26,100! 27,467 52, 924 52, 475 49, 280 | 51, 560 
eS |e as Sue 22 ee eee eee 
Menneeees.- 35, 960 34,860 | 30,700 32, 840 59, 116 57, 185 51, 528 | 55, 943 
Annealed: ¥ | ease | Sea es 
i eaeeeee seat 35, 500 33, 200 | 26, 700 31, 800 57,485 | 55,459} 45, 460 | 52, 801 { 
eee Sa eee re 33, 800 30, 500 | 28,800 | 31, 367 54, 543 | 52, 715 49, 605 | 52, 288 
Demise eetsiesicio 28, 900 28,100 | 25, 900 | 27, 633 51,076 | 50, 350 46,740 | 49, 389 
hem eee eee ose 27,800 | 27,900 | 27, 300 | 27, 667 51,338 | 50,842 | 49,490 50,557 
Di eerosceecseice 25, 500 25,700 | 25,200 | 25, 467 50, 432 | 50, 025 47, 455 49, 304 
Soe as | SS ds SEae Se a eS eee 
Mean ----:--. 30,300 | 29,080! 26,980 | 28,787] 52,975! 51,878 47, 750 | 50, 868 


| 





The large specimens give somewhat higher results than the small, 
whilst the long ones are very considerably less. 


Series F. 


To ascertain the mechanical effects and the variations caused by dif- 
ference in the shape and proportion of specimens, rolled steel plates of 
various thicknesses, tested under pulling stress, the same material as 
series D, were tested. 

The larger specimens were 10 by 10 inches; the smaller specimens 
were 44 by 14 inches. In order to develop the change in the form of 
the large specimens when under stress, some of the plates had circles, 
and others diagonal lines drawn on the surface. The altered appear- 
ance of these circles and lines at the conclusion of the experiment is 
shown by a plate. 

It is interesting to compare the result obtained by testing the large 


a a i it i i al aa i at Nl eee Te 
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and the small pieces, with those of a hundred inches already given 
under series D. 


Contraction of area, Ultimate extension. 












































Description. Large Small Long | Large Small Long 
(series (series (series | Mean. (series (series (series Mean. 
eb? F!). | OD). F!). F'), D). 
Urnanealed ; Per cent., Per,cent.| Per cent.| Per cent.| Per cent. Per cent. Per cent. Per cent. 
Drs 5 hax be Wisp ler oat. t 37.9 42.7 10.8 13,5 5.21 9.45 
Re ns ike sn os 48.5 54.2] 59.7) 54.1 28,2 35. 5 10.17 24. 41 
Ree Rescue seins 59.3 | 62.5 71.0 64.3 36.1 41.5 20. 64 32. 57 
Oe ean eee | 50.0 58. 6 61.2 56.6 36.4 40.0 16.30 30,78 
Micakissewecesuee 55.1 61.7 60.7 59. 2 37.2 44.7 17. 95 33, 01 
ee — —_ ——— eee 
EGAI cu tsk' sss 51.2 56.8 | 58 55. 4 29.7 35. 0 14. 05 26. O4 
Annealed : am eran apy Se Me rope Tits =~ ae 
BBs icecapeceosns 57.1 60.8 64.6 60.8 22.9 28. 4 10. 98 20.37 
Reet titan Sate bole 60.9 63.5 67.5 64. 0 33.8 40.1 16. 88 29. 99 
Be esten ta aan o's 63.4 63.6 69.6 65.5 35. 8 42.0 18.19 31. 76 
PRE Radel a in ann 61.0 65.1 64.3 63.5 38.5 42.5 19.15 33. 08 
MSs Sadek cukwae i 62.0 64.3 63.1 63.1 34.4 43.5 17. 45 31. 51 
Mean....... 60.9 63.5 6.8] 634 33. 1 39.3) 1653) 29.52 


These results show the large specimens, which held the highest stress, 
have contracted least, and the long specimens, which held the lowest 
stress, have contracted most, thus to some extent accounting for the 
differences in the stress. 


Series F. 


To ascertain the mechanical effects produced on steel plates of various 
thicknesses by holes, some drilled, others punched, tests under pull- 
ing stress were made. The same material as series D, E, and F was 
tested. 

There are three rows of five each of rivet holes, 3 inches between 
their centers, the pitch of the five holes across the plate being 24 
inches. 

In the five unannealed plates with drilled holes the loss of tensile 
strength ranges from 21,72 to 25.15, the average being 23.21 per cent. ; 
and those annealed from 23,04 to 27.08, average 24.92 per cent., yield- 
ing a total average of 24.06 per cent. The loss in no instance was 
nearly so great as that representing the material removed, the mean 
being 24.06 against 30.80, or 6.74 per cent. less. 

In the five unannealed plates with punched holes the loss of tensile 
strength ranges from 30,50 to 49.04, the mean being 37.85, The greatest 
loss, 49.04, occurs in the g-inch plate, and is 45.17 in the 5-ineh, and least 
in the 2-inch plate, which the other experiments proved to be the softest 
of the five, and consequently the punching had not acted so injuriously 
asin the other two. The loss from punching is not constant, but varies 


With the thickness and also with the hardness of the material. That 
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punching hardens is proved by the five-eighths-inch and one-half-inch 
plates only stretching 1.9 and 3.2 per cent., and also by their break- 
ing very suddenly, as attested by the appearance of the fracture, one 
being wholly and the other within 5 per cent. of wholly granular, 
whereas the others are wholly silky. Heating and annealing the speci- 
mens after being punched is found to counteract to a considerable ex- 
tent the injurious action, the loss in the five-eighths-inch being reduced 
from 49.04 to 31.32, and the one-haif-inch from, 45.17 to 30.12, and in- 
Stead of extending 1.9 rose to 20.7, and from 3.2 to 19.3 per cent., and 
the appearances of the fractures from wholly granular to wholly silky 
in the one, and from 95 per cent. granular to wholly silky in the other. 
The mean loss of the five annealed is 31.63 and 37.85 in the unannealed, 
their joint average being 34.74 per cent. This average loss, however, 
would have been much greater had the material not been so extremely 
soft and ductile. 
Series G. 


The effects of bulging stress on rolled steel plates of various thick- 
nesses was tested upon the same material as series D, BH, and F. 

The specimens for the above test were disks, 12 inches in diameter, cut 
out in a lathe, and pressed through an aperture LO inches in diameter, 
the end of the plunger being turned to a radius of 5 inches. The two 
woodcuts which accompany the tabulated report of the results, series 
G, show the form of the specimen previous to and after experiment. 
Ten pieces were tested as rolled, unannealed, and ten after being annealed. 

The following stresses were required to force the specimens of the 
various thicknesses through the aperture : 





Thickness. ae? A eee i k 


Pounds. Pounds. | Pounds. | Pounds. , Pounds. 
Am aTNCA EO Meee Soe nis ore ae wea see wales 6 falc ae ee 215, 685 162, 735 | 104, 845 | 71, 800 35, 397 
FAMNEALGO sae. che ah eee cee pearlescent caaaree | 198, 005 154, 250 95, 605 59, 425 25, 435 





eer tide a So ee EE: | 


All the specimens stood the ordeal without the slightest sign of any 
erack or defect in the manufacture. The clear tone given out, on being 
struck, by all the specimens after being bulged, excepting those that 
buckled owing to their thinness, proves the soundness of the material. 


MANGANESE. 
MANGANESE ORE. 


The ores of manganese consist of various oxides of manganese, both 
hydrous and anhydrous, and find application for two distinct purposes, 
bleaching and steel-making. For bleaching purposes the manganese 
ore is dissolved in hydrochloric acid which gives off free chlorine that 
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ean be utilized for bleaching in a variety of ways. The amount of 
chlorine given off depends upon the amount of binoxide of manganese 
(MnO,) in the ore, and this determines the value of the ore. Ores contain- 
ing less than 70 per cent. of binoxide of manganese have little or no 
value. In steel-making the ores are smelted, either alone or mixed 
with iron ores, in a shaft furnace, just as iron ores are smelted, For 
this purpose the ores must contain only a very small amount of phos- 
phorus. The product is known as spiegeleisen or ferromanganese, 
according to the amount of manganese it contains. It contains a large 
amount of combined carbon, and is used in the steel processes to give 
carbon to the metal. It also improves the physical properties of the 
metal by introducing a little manganese, which aids especially in pro- 
ducing sound castings. Specimens of spiegeleisen and ferromanganese 
will be found in the steel collections. 

Besides the manganese ores in the Census series of iron ores, the fol- 
lowing characteristic specimens are shown: 

(1) Crystallized and massive. Floyd County, Georgia. (56354.) 

(2) Crystallized and massive. Chumney Hill, Bartow County, Georgia. (56349.) 

(8) Massive. Dobbins Mine, Bartow County, Georgia. (56344.) 

(4) Massive. Independence County, Arkansas, (56401.) 


NICKEL AND COBALT. 
NICKEL MINERAL. 
MILLERITE. 


Composition: NiS. Sulphide of nickel, containing nickel 65 per cent. 
and sulphur 35 per cent. 

It crystallizes in the rhombohedral system, crystals usually very 
much elongated. It also occurs in radiated and columnar coatings. It 
varies in hardness from 3 to 3.5, and in specific gravity from 4.6 to 5.6, 
has a full metallicluster and brass-yellow color, with often a gray irides- 
cent tarnish. Millerite is an important nickel mineral, but is seldom 
found pure in large amounts. 

To illustrate the occurrence of millerite the following specimen is 
shown here. Other specimens are included in the ore series: 


(1) Thin, fibrous coating on decomposed rock, Gap Mine, Lancaster County, Penn- 
sylvania. (65307.) ‘ 


COBALT AND NICKEL MINERAL, 
LINN ASITE. 


Composition: 2CoS+Co8,. Sulphideof cobalt, containing cobalt 58 
per cent. and sulphur 42 per cent. The cobalt is always replaced by 
more or less nickel, and generally also by copper. 

It crystailizes in the isometric system in cubes and octahedrons and 
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combinations of these. Its hardness is 5 and its specific gravity from 
4.3 to 5. It has a metallic luster and steel-gray color, giving a red 
tarnish. 

Linneeite is an important source of cobalt and nickel in some of the 
Missouri lead mines, where it is found associated with lead and copper 
ores. To illustrate the oceurrence of linneite three specimens are 
shown: 

(1) Crystallized, with chalcopyrite, in magnesian limestone. Mine La Motte, Madi- 
son County, Missouri. (56109.) 

(2) With chalcopyrite, in magnesian limestone. Mine La Motte, Madison County, 
Missouri. (65309. ) 


(3) Crystallized, also radially fibrous, with decomposed material. Mine La Motte, 
Madison County, Missouri. (17111.) 


NICKEL AND COBALT ORES. 


-The chief source of nickel and cobalt is not the nickel and cobalt 
minerals, but the magnetic sulphide of iron, pyrrhotite, which fre- 
quently carries a small percentage of these metals. Millerite is, how- 
ever, frequently found with the pyrrhotite. The mining of these ores 
in the United States has been mostly confined to two localities, the 
pyrrhotite mine at Gap, Lancaster County, Pennsylvania, and some of 
the lead mines of Missouri, especially Mine La Motte, where linneite 
occurs with the lead ore and nickel and cobalt are obtained in a matte 
in the lead smelting. Other localities have at times produced small 
amounts of these ores. Recently mines at Lovelocks, in Nevada, have 
produced considerable nickel and cobalt. The ore at the surface con- 
tained oxidized products, but as depth was gained the sulphide ores 
appeared. 

To illustrate the occurrence of nickel and cobalt ores four specimens 
are shown: 
Oxidized ore. 


(1) Annabergite and erythrite, on decomposed material. Soudan Mine, Lovelocks 
Humboldt County, Nevada. (56463. ) 


Sulphide ore. 


(1) Nickeliferous pyrrhotite, chalcopyrite, hornblende, enstatite, and quartz; two 
characteristic samples. Averages 2 to 3 per cent. nickel and 0.5 per cent. cobalt. 
Gap Mine, Lancaster,County, Pennsylvania. (18725.) 

(2) Linneite and chalcopyrite, in magnesian limestone. Mine La Motte, Madison 
County, Missouri. (65384.) 

(3) Millerite, in long, thin crystals and rosettes of small, fine crystais, in decomposed 
material. Soudan Mine, Lovelock’s, Humboldt County, Nevada. (66582. ) 


APPLICATION OF NICKEL AND COBALT. 


The applications of nickel and cobalt are illustrated by the following 
collection from the American Nickel Works of Mr. Joseph Wharton at 
Camden, New Jersey. 
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: ‘ Nickel. 
(1) Matte, obtained by smelting the ores of the Gap Mine. (31600.) 
(2) Cast, anodes for nickel plating, five different styles. (30936,) 
(3) Cast, anode for nickel plating that has been in use. (29921.) 
(4) Cast, in rods, three sizes. (30937.) 
(5) Cast, turned down to a small rod. (10171.) 
(6) Cast, in cubes, for making anodes. (30949.) ; 
(7) Cast, in grains, for making anodes, (30948. ) 
(8) Wrought, square bar, hammered. (30938. ) 
(9) Wrought, rolled into sheets. (51182.) 
(10) Wrought, rolled rod. (29678.) 
(11) Plating, three samples. (29923. ) 
(12) Plating, wrought iron with 10 per cent. of nickel on each side, rolled down. 


(33310. ) 
Salts of Nickel. 
(1) Oxide. (30952.) (3) Nitrate. (30962.) 
(2) Chloride. (30963. ) (4) Sulphate. (30953.) 


(5) Sulphate of nickel and ammonia, for plating purposes. (30954. 
(6) Sulphate of nickel and ammonia, crystallized in a dome. (30955. ) 


Cobalt. 


(1) Cast, anodes for plating, four sizes. (29919. ) 

(2) Plating. (29923.) 

(3) Plating. (29679.) 

(4) Blue glass, colored by oxide of cobalt. (30940.) 

(5) Blue glass, colored by oxide of cobalt; made into gallipots. (30941.) 
(6) Blue glass, colored by oxide of cobalt; made into bottles. (30915. ) 


Salts of Cobalt. 

(1) Oxide. (30957. ) 

(2) Chloride. (30958. ) 

(3) Nitrate. (30959. ) 

(4) Sulphate of cobalt and ammonia, for plating. (30960.) 

(5) Sulphate of cobalt and ammonia, crystallized ina dome. (30961.) 

(1) Sulphate of copper. Formed as a by-product in treating the ores of the Gap 
Mine. (30956.) 


.: ZINC. 
ZINC MINERALS. 
ZINCITE. (RED ZINC ORE.) 


Composition: ZnO. Oxide of zine, containing zine 80.26 per cent. 
and oxygen 19.74 per cent. 

Iterystallizes in the hexagonal system, butcrystals are very rare, gener- 
ally occurs foliated, and varying in size from small grains to large masses. 
It varies in hardness from 4 to 4.5 and in specifie gravity from 5.43 to 
5.7. It has an adamantine luster, is dark red in color, and translitcent. 
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Zincite occurs only in Sussex County, New Jersey, and is used largely 
to make zine oxide for paints and other purposes. 

To represent the occurrence of zincite two specimens are shown: 

(1) Massive, with Franklinite and willemite. Mine Hill, Franklin, Sussex County, 
New Jersey. (17634.) 

(2) Massive, with Franklinite and calcite. Mine Hill, Franklin, Sussex County, 
New Jersey. (65310.) 


FRANKLINITE. 


Composition: (Fe, Zn, Mn) (Fe, Mn),O;. Oxides of zine, iron, and 
manganese, containing variable amounts of earth metal. 

It crystallizes in the isometric system, especially in octaheurons, with 
modifying faces; also occurs crystalline, granular and compact. It 
varies in hardness from 5.5 to 6.5, and has a specific gravity of 5. It 
has a full metallic luster and iron-black color. It is slightly magnetic. 

Franklinite 1s found very abundantly at and near Franklin, New Jer- 
sey, whence its name. The zine it contains is extracted in the form of 
oxide for use as a paint, and afterwards tbe iron and manganese are 
smelted into spiegeleisen. To represent the occurrence of franklinite 
three specimens are shown : 

(1) Crystallized, in octahedrons, in calcite. Buckwheat vein, Franklin, Sussex 
County, New Jersey. (17636.) 

(2) Crystalline grains, in calcite. Buckwheat vein, Franklin, Sussex County, New 
Jersey. (65311.) 

(3) Crystalline grains, cemented by zincite. Sterling Hill, Franklin, Sussex County, 
New Jersey. (4802.) 


SPHALERITE. (ZINC BLENDE, BLACK JACK.) 


Composition: ZnS. Sulphide of zine, containing zine 67 per cent. 
and sulphur 33 per cent. 

It crystallizes in the isometric system, crystals being complicated and 
commonly twinned. It frequently occurs as a coating, sometimes 
fibrous ; it also occurs massive. It varies in hardness from 3.5 to 4 
and in specific gravity from 3.9 to 4.2. It has a full resinous luster 
and occurs in a large variety of colors, from colorless to black, the most 
common colors being yellow and brown. It is generally transparent, 
though sometimes only transiucent. It has a highly characteristic 
dodecahedral cleavage. 

Blende is a very common and abundant ore of zine; but it is only 
recently that it has been much utilized, as it requires careful roasting 
to remove sulphur previous to the extraction of the zine. It is gener- 
ally associated with other sulphides and very frequently contains silver. 

Blende yields very easily to decomposing influences, but, since the 
sulphate, which is apt to be formed first, is very soluble in water, the 
products of decomposition are generally removed as fast as formed and 
the zine deposited elsewhere, generally after undergoing farther 
changes. Sometimes, however, it is changed directly in place to the 
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- carbonate. To represent the occurrence of sphalerite fifteen specimens 


are shown: 


(1) Complicated crystals, on chert. Cowan & Bliss Mine, Lehigh, Jasper County, 
Missouri. (55062. ) 

(2) Complicated crystals, on chert. Cowan & Bliss Mine, Lehigh, Jasper County, 
Missouri. (55081.) 

(3) Crystals, with roughened surfaces, on quartz. Spencer & McConey Mine, Car- 
terville, Jasper County, Missouri. (55155.) 

- (4) Complicated crystals, interior of a geode, with a little chert. Lehigh, Jasper 
County, Missouri. (55199.) 

(5) Complicated crystals, with a few crystals of calcite. Carterville, Jasper County, 
Missouri. (55204. ) 

(6) Complicated crystals, with calcite and chert. Spencer & McConey Mine, Car- 
terville, Jasper County, Missouri, (55125.) 

(7) Large complicated crystals, with small simple erystals, many of the large crys- 
tals coated with marcasite. Spencer & McConey Mine, Carterville, Jasper County, 
Missouri. (55122.) 

(8) Small simple crystals, on massive. Cowan & Bliss mine, Lehigh, Jasper 
County, Missouri. (55077.) 

(9) Separate crystals, on quartz. Spencer & McConey mine, Carterville, Jasper 
County, Missouri. (55154.) 

(10) Finely crystallized, on massive. Skeeterville, Lehigh, Jasper County, Mis- 
souri., (55208. ) 

(11) Crystals, coated with greenockite (sulphide of cadmium). Granby, Newton 
County, Missouri. (56110.) 

(12) Massive, containing a little pyrite. Friedensville, Lehigh County, Pennsyl- 
vania. (65121.) 

{13) Massive, with calcite. Buttzville, Warren County, New Jersey. (56390. ) 

(14) Massive, with calcite. Oxford furnace, Warren Connty, New Jersey. (44187.) 

(15) Showing characteristic dodecahedral cleavage. Galena, Cherokee County, 
Kansas. (56210.) 


WILLEMITE. (TROOSTITE.) 


Composition: Zn,SiO,. Silicate of zinc, containing oxide of zine, 
72.9 per cent. (zine 58.5 per cent.), and silicic acid, 27.1 per cent. 

It crystallizes in the rhombohedral system, but crystals are rare. It 
generally occurs massive, or disseminated in grains. Its hardness is 
5.5, and specific gravity about 4. Occurs only in Sussex County, New 
Jersey, in sufficient amounts to constitute an ore of zinc, but quite 
common there. To illustrate the occurrence of willemite four speci- 
mens are shown 

(1) Massive, brown and green, with a little Franklinite. Franklin, New Jersey. 
(17632. ) 

(2) Massive, green, with a little Franklinite. Franklin, New Jersey. (65313.) 

(3) Massive, yellow, with a little Franklinite. Franklin, New Jersey. (17641.) 

(4) Massive, yellow and green, with a little Franklinite. Franklin, New Jersey. 
(65314, ) 


CALAMINE, (GALMEIL.) 


Composition: Zn,SiO,+aq. Hydrated silicate of zinc, containing ox- 
ide of zine 67.5 per cent. (zine 54.2 per cent.), silicie acid 25 per cent., 
and water 7.5 per cent, 
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It crystallizes in the orthorhombic system, crystals being highly mod- 
_ ified and generally twinned. It frequently occurs in imitative forms as 
a coating with fibrous structure, sometimes massive. It varies in hard- 
ness from 4.5 to 5, and in specific gravity from 3.16 to 3.9. It has a 
vitreous to pearly luster, and is generally white to colorless, although 
occasionally tinted, and transparent to translucent. On being heated 
gently it becomes electric. 

Calamine is an abundant and valuable source of zine. Itis frequently 
the result of decomposition, and is generally associated with the car- 
bonate smithsonite. To represent the occurrence of calamine, five 
specimens are shown: 

(1) Crystals, distinct and free at one end, but joined at the other. Granby, New- 
ton County, Missouri. (64175.) 

(2) Crystals, distinct and free at one end, but joined at the other, pure white. 
Sterling Hill Mine, Franklin, Sussex County, New Jersey. (65308. ) 

(3) Crystals, complicated mass of united, pure white. Sterling Hill Mine, Frank- 
lin, Sussex County, New Jersey. (65312.) 

(4) Crystals, complicated mass of united. Sterling Hill Mine, Franklin, Sussex 
County, New Jersey. (56386. ) 

(5) Massive, stained with iron. Mossy Creek, Jefferson County, Tennessee. 
(55811.) 

SMITHSONITE. (DRY BONE.) 


Composition: ZnCO;. Carbonate of zinc, containing oxide of zine 
64.8 per cent. (zine 52 per cent.), and carbonic acid 35.2 per cent.; often 
a part of the zine is replaced by iron or manganese. 

It crystallizes in the rhombohedral system, but crystals are very 
rare. Its most common occurrence is in imitative shapes, as an incrus- 
tation, or granular. Its hardness is 5, and specific gravity 4 to 4.45. It 
has a vitreous luster, and is generally white, though sometimes tinted, 
it is subtransparent to translucent. 

Smithsonite is a valuable source of zinc, and is generally the result 
of decomposition ; it is frequently associated with calamine, and some- 
times with blende and galena. To illustrate the occurrence of smith- 
sonite four specimens are shown: 

(1) Massive. Dade County, Missouri. (64153.) 

(2) Massive, milk white, slightly impure. Bertha Zinc Mine, Pulaski County, Vir- 
ginia. (30648.) 

(3) Massive, with botryoidal surface. Dade County, Missouri. (64201.) 

(4) Massive, with botryoidal surface, lining cavities. Dade County, Missouri. 
(64156. ) 

ZINC ORES. 


Zine ores are divided simply into oxidized and sulphide ores. The 
former may contain several zine minerals, the latter is universally 
blende. Owing to the fact that the first oxidation product of blende 
(sulphate of zinc) is soluble, it is not usual to find both characters of 
ores associated. Whenever blende undergoes oxidation the product is 
generally dissolved and removed before the zinc is deposited again. 
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Besides the zine mineral specimens, all of which represent ores, the 
following characteristic ore specimens are shown: 


Oxidized ores. 


(1) Franklinite, zincite. Franklin, Sussex County, New Jersey, (56389.) 
» (2) Willemite, Franklinite, zincite. Sterling Hill, Sussex County, New Jersey. 
# —(56385.) 
(3) Calamine, crystallized. Franklin, Sussex County, New Jersey. (56388. ) 
(4) Calamine, crystallized. Friedensville, Lehigh County, Pennsylvania. (10682. ) 
(5) Calamine and smithsonite, colored by iron. Mossy Creek, Jefferson County, 
Tennessee. (55811.) 
(6) Impure calamine. Bertha Zine Mine, Pulaski County, Virginia. (55744.) 
(7) Calamine, crystallized. Missouri. (65261.) 


Sulphide ores. 
(1) Blende, crystallized. Cowan & Bliss Mine, Lehigh, Jasper County, Missouri. 
(55069. ) 
(2) Blende and chert. Baker Diggings, Galena, Cherokee County, Kansas, 
(56229. ) 
(3) Blende and chert. Baker Diggings, Galena, Cherokee County, Kansas. 
(65323. ) 
(4) Blende and chert. Baker Diggings, Galena, Cherokee County, Kansas. 
; (65324. ) 
. (5) Blende and chert. Oronogo, Jasper County, Missouri. (56235. ) 
ra. (6) Blende, decomposing. Granby, Newton County, Missouri. (64479.) 


° THE PREPARATION OF BLENDE. 


THE GALENA MILL OF THE SOUTH SIDE MINING AND MANUFACTURING COMPANY. 
This mill treats the ores of the Pittsburgh, Kansas district, consist- 
ing of blende, with galena and a little pyrite, in a gangue of chert. The 
ore is first crushed in a Blake crusher, and then in coarse rolls, after 
which it goes through a7-millimetre trommel. The coarse ore from this 
is crushed in fine rolls, while the fine goes to a sizing trommel. The 
carefully sized ore is treated in a series of five 4-sieved eccentric jigs, 
yielding first heads, galena containing a littie pyrite; second and third 
heads, blende; fourth heads, chats that are crushed, and final tails to 
waste. The process is illustrated by the scheme figure 10. 
The mill will treat 20 tons in about 10 hours, yielding 20 to 25 per 
cent. of dressed mineral, mostly blende. 
The collection taken by Mr. J. P. Gazzain, Ek. M., September, 1884, 
shows a full series of the produets. 
(1) Ore, crushed. (56173.) 
. (2) Crushed ore, greater than 7 and less than 5 millimetres, fed on first sieve, first 
jig. (56174.) 
7 (3) Galena, heads, first sieve, first jig ; sold. (56175. ) 
| (4) Blende, heads, second and third sieves, first jig; sold. (56176.) 
(5) Blende and chert, heads, fourth sieve, first jig; recrushed. (56177.) 
(6) Chert, blende, tailings, first jig. (56178.) 
a (7) Crushed ore, greater than 5 and less than millimetres, fed on first’sieve, sec- 
p ond jig. (56179. ) 
; 9110-——No, 42——12 
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(8) Galena, heads, first sieve, second jig; sold. (56180.) 

(9) Blende, chert, heads, second and third sieves, second jig; sold. (56181.) 
(10) Blende and chert, heads, fourth sieve, second jig; recrushed. (56152.) 
(11) Chert and blende, tails, second jig. (56183.) 

(12) Crushed ore, greater than 34 and less than 24 millimetres, fed on first sieve, 
third jig. (56184. ) 
(13) Blende and chert, heads, second sieve, third jig; sold. (56185.) 
_ (14) Blende’and chert, heads, fourth sieve, third jig; recrushed. (56186.) 
~ (15) Chert and blende, tails, third jig. (56187.) 

(16) Crushed ore less than 24 millimetres, fed on first sieve, fourth jig. (56189.) 

(17) Blende, heads, second sieve, fourth jig. (56191.) 

(18) Blende and chert, hutchwork, second sieve, fourth jig. (56193.) 

(19) Blende, heads, third sieve, fourth jig. (56192.) 

(20) Chert and blende, tails, fourth jig. (56190.) 

(21) Galena, heads, first sieve, fifth jig. (561¢8.) 

(22) Blende, heads, second sieve, fifth jig. (56194. ) 

(23) Blende and chert, heads, fourth sieve, fifth jig. (56196.) 

(24) Ore, separated from mine slimes by screening. (56200.) 

(25) Blende and chert, buddie-heads, first treatment. (56197.) 

(26) Coarse sand, buddle, first treatment. (56201. ) 

(27) Blende, buddle-heads, second treatment; sold. (56198.) 

(28) Tails, buddle. (56199.) 

(29) Ore sample, all sizes. (56195.) 


THE EXTRACTION OF ZINC. 


There is but one universal method for extracting zine, and that is to 
mix the oxidized ores, or the roasted sulphide ores, with carbon, and 
heat the mixture in a retort. When the proper temperature is reached, 
the carbon will withdraw the oxygen from the zine and leave it in the 
metallie state; but the temperature at which this reaction takes place 
is such that the metallic zine is volatile, and is reduced in the form of 
a vapor, and, therefore, after it has been reduced, it must be condensed 
or cooled to the liquid state. Zine melts at 412° C., boils at 1200° C., 
and is reduced by carbon at 1300° C, 

The retorts in which the reduction takes place may be either oval or 
round; they are set in brick-work furnaces, in rows, with their front. 
ends lower than the back and opening into the air, After the charge 
is introduced, a suitable condenser, made of clay, is placed in the open 
end of the retort and luted in. During the smelting the zine condenses 
and collects in these condensers, and is withdrawn from time to time. 
The lower rows of retorts in the furnaces frequently get very hot, and 
if is necessary to use an extra sheet-iron condenser, called a * prolong.” 
It is very difficult to condense all the zine, and, with the utmost care, a 
portion of it will oxidize, and a product known as * blue powder,” con- 
sisting of a mixture of oxide and metallic zine, will be formed. In 
careless working this may cause very serious losses. Coal is generally 
used direct to heat the retorts, and the furnace is called a “ Belgian 
furnace,” but, in several cases, gas made by the Siemens process has 
been used successfully. 
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GLENDALE ZINC WORKS. 


These works are situated just south of St. Louis, Missouri, on the 
bank of the Mississippi River. They treat a variety of ores both oxi- 
dized and sulphide. The smithsonite ore comes from Jefferson County, 
the calamine from Granby, Newton County, and the blende from the 
Joplin district. The smithsonite is calcined, the calamine is hand- 
dressed, and the blende crushed and jigged at the mine. The blende, 
as received from the separating operation, is wet ; a portion of it is there- 
fore dried and mixed hot with the remainder. It is crushed to pass an 
8 mesh wire-cloth screen, and is then roasted to remove sulphur. 

The roasting furnaces are two storied—that is, contain one hearth 
above another. As soon as the charge next to the fireplace has been 
completely roasted it is withdrawn from the furnace, the other charges 
are then moved up, and a fresh one introduced on the coldest hearth, 
- through an opening in the roof. Every 15 or 20 minutes the ore is 
stirred. The six furnaces vary in size and contain charges of different 
weights, four charges being in each furnace all the time, two on each 
hearth. Roasting causes a loss of weight of about 15 per cent. of the 
ore. The lump calamine ore as received is first calcined in a kiln sim- 
ilar to a lime-kiln to remove water, four bushels of coal slack being 
used per ton of calamine.: It is then crushed to pass a 5 mesh wire- 
cloth screen. The smithsonite is crushed to pass the same screen. 

To reduce the zine in the retorts slack coal fron the Big Muddy vein 
is used on account of its low percentage of sulphur. 

There are eight Belgian furnaces, built in pairs; four large ones, con- 
taining one hundred retorts in nine rows, four small ones, containing 
one hundred and four smaller retorts in nine rows. The closed ends of 
the retorts rest on shelves projecting from the wall that divides the 
two furnaces. The open frontend is about 4 inches lower than the back 
and rests on 24 inch tile. These tiles rest on tile pillars which form the 
front of the furnace. After the retorts have been introduced all the 
openings in the front of the furnace are luted up with clay. Each fur- 
nace has a fire-place at each end, and each pair of furnaces has a com- 
mon draft stack. 

About 5 o’clock every morning preparations are commenced for 
charging the retorts. Any cracked or damaged retorts are first re- 
moved and new oues inserted, about three being replaced every 24 hours; 
then, commencing at the top row of retorts, the condensers are removed 
and cleaned. When they have been used so long that they can not be 
cleaned any more they are broken up. The parts containing zine are 
broken off and added to the charge and the clean portions are ground 
up and used in making retorts. Eight new condensers are required for 
each furnace every 24 hours. 

After the condensers are removed the residues remaining in the re- 
torts are raked out and the retorts cleaned, when they are ready for 
charging. The charge has been made up on the day defore. For the 
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iarge furnace if consists of 3,600 pounds of roasted blende, 600 pounds 
of calamine, 600 pounds of smithsonite, and 20 to 25 bushels of coal. 

The coal is spread upon the floor, upon this is spread the smithson- 
ite and calamine, and then the hot blende is spread over all. The pile 
is wet down, thoroughly mixed with shovels, and left till the next 
merning. The blue powder and dross from the previous charge is 
mixed with 300 pounds of calamine and 4 bushels of coal and charged 
into the upper rows, while the chippings from the condensers are added 
to the regular charge for the fifth and sixth rows. 

About 6 a. m. the charging begins at the upper row of retorts. The 
charge is introduced by means of a semicircular shovel, and as soon as 
the retort is full a round bar of iron is forced through it near the top 
in order to assist the exit of the zinc. The condenser is then adjusted. 
The charging is finished between 9 and 11 a. m., and immediately the 
zine is withdrawn from the condensers of the upper rows. It is drawn 
from the whole furnace at 4 p. m., 8 p. m. and again ebout 4 o’clock the 
next morning. The zine is drawn into a ladle, skimmed and cast into 
slabs. 

The large furnaces produce from 2.400 to 2,600 pounds of spelter per 
24 hours, and about 150 bushels of common Illinois slack coal is used 
for heating. 

The collection, taken by Mr. J. P. Gazzam, E. M., September, 1884, 
shows a full series of the ores, the fuels, and the products. 


Ore. 


(1) Blende No. 1, lump ore. (54561.) 

(2) Blende No. 1, jigged ore. (54558.) 

(3) Blende No. 2, lump ore. (54567.) 

(4) Blende No. 2, fine ore. (54568.) 

(5) Blende, containing a little chert, No. 3, fine ore. (54569.) 

(6) Blende, a mixture of different jigged ores, ready to be roasted. (54549.) 
(7) Roasted blende. (54553. ) 

(8) Mixed roasted blende, ready to be charged into the retorts. (54550.) 

(9) Calcined smithsonite. (54560. ) 
(10) Calcined smithsonite, crushed, ready to be charged into the retorts. (54556.) 
(11) Calamine, lump ore. (54562.) 
(12) Calamine, caleined. (54559.) 
(13) Calamine, crushed. (54557.) 





Fuel. 


(1) Coal slack, from Big Muddy vein; used in retorts. (54552.) 

(2) Coal slack, crushed, to be mixed with the ore to reduce the zine in the retorts, 
; (54551. ) : 

(3) Coal slack, used for fuel; from Illinois. (54555.) 


Product. 


(1) Metallic zine or spelter, ordinary. (54505.) 

(2) Metallic zinc or spelter, ordinary; broken to show fracture, (54563.) 

(3) Metallic zine or spelter, refined. (54566. ) 

(4) Metallic zinc or spelier, refined ; broken to show fracture. (54564.) 

(5) Blue powder, a mixture of oxide and metallic zine from condensers. (54570.) 
(6) Blue powder, a mixture of oxide and metallic ¥ine taken from the flues, (54554.) 
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These works are located at West Joplin, Jasper County, Missouri, 
and treat the ores of the neighboring regions, principally the separated 
blende from Galena, Cherokee County, Kansas. The ore is divided 
into two grades and they are mixed in about equal proportions. A 
portion of the wet ore as received is dried and the hot dry ore mixeG 
with wet ore, the total loss in drying being about 5 per cent. The coarse 
ores are crushed to pass through a six-mesh wire-cloth screen. 

There are eight two-storied roasting furnaces, built in two blocks. 
Hach furnace is charged every 8 hours with 1,300 pounds of raw ore, 
producing 1,100 pounds of roasted ore. The four Belgian furnaces con- 
tain 112 retorts ineight rows. Each furnace is charged every 24 hours 
with 5,100 pounds of roasted ore and 50 bushels of coke and produces 
2,200 to 2,300 pounds of spelter. 

The collection taken by Mr. J. P. Gazzam, E. M., October, 1884, shows 
a full series of the raw and roasted ores, the fuels, and the products. 


Ore. 


(1) No. 1 blende, separated from the ore by crushing and jigging. Value, $17 per 
ton. (55222.) 

(2) No. 2 blende, carrying a little chert, separated from the ore by crushing and 
jigging. Value, $13 per ton. (55223.) 

(3) Blende, carrying a little chert; the mixed ore ready for the roaster. (55227.) 

(4) Roasted mixed blende. (55228.) 

(5) Roasted mixed blende, ready for retorts. (55229. ) 


Fuel. 


(1) Bituminous coal, used for heating the zine retorts; from Stilson, Kansas. 
(55224. ) 

(2) Coke, used in the retorts to reduce the zinc. (55225.) 

(3) Coke, used in the retorts to reduce the zinc; crushed ready for charging. 
(55226. ) 


Products. 


(1) Metallic zine or spelter. (55235.) 

(2) Metallic zine or spelter, showing fracture. (55236.) 

(3) Blue powder, a mixture of oxide of zinc and metallic zine resulting from im- 
perfect condensation. From condensers. (55231.) 

(4) Blue powder, a mixture of oxide of zinc and metailie zine, from pulverizers. 
(55230. ) 

(5) Residue, from the retorts after the extraction of the zine. (55232.) 


Accessories. 


(1) Fire clay, used for the manufacture of retorts. (55233. ) 

(2) Cement, mixed fire clay and old retorts ground together, used for setting re- 
torts. (55234. ) 

(3) Ashes, used for dusting condenser mold to prevent sticking. (56278.) 





_ 
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RICH HILL ZINC WORKS. 


These works are located at Rich Hill, Jasper County, Missouri, and 
smelt ores from Joplin. They are located in a coal region where fuel is 
abundant. The works contain a kiln for drying the ore, three furnaces 
for roasting, one Belgian and one Siemens smelting furnace. The ores 
treated are the first and second class blende separated froin the Joplin, 


_ Missouri, ores, together with some lump ore. The ore as received from 


the separating operation is generally wet, and one-third of it is dried 
in the small reverberatory furnace, and mixed hot with two-thirds of 
the wet ore, the mixture being dry enough for further treatment. 

The coarse ores are crushed in a rock breaker, and then inrolls, The 
fine ore is crushed in the rolls only. The crushed ore is roasted in two- 
storied reverberatory furnaces having four hearths, to remove the sul- 
phur. A charge weighing 1,400 pounds is put in the furnaces every 
12 hours through openings in the roof, and remains on each hearth 12 
hours, during which time it is stirred every 10 to 20 minutes. In 45 
hours it is withdrawn from the lower hearth nearest the fireplace. The 
charge loses, on roasting, about {5 per cent. of its weight. 

The roasted ore is mixed with coal slack and coke, After the ore and 
coal are mixed, they are slightly dampened, and charged into the re- 
torts by means of around shovel or scoop. After the retort is full, a 
half-inch bar of iron is pushed through the upper part of the charge 
and then withdrawn, in order to leave a channel to aid the exit of the 
zine. 

The Belgian furnace is built after the usual pattern with two divisions 
having a fireplace at each end, and a common chimney. Each side has 
seven rows of retorts with fourteen in a row. The three lower rows of 
retorts, where the heat is greatest, are charged twice in 24 hours, while 
the others are charged oniy once. Inthe upper two rows blue powder 
and other refuse from former smeltings are charged. 

The metal is withdrawn from the lower three rows of condensers six 
times in 24 hours, and from the others four times. This furnace will 
treat about 10,000 pounds of ore in 24 hours. 

The Siemens gas furnace consists of two retort chambers built upon 
long and narrow reheating chambers, and separated from each other 
by a thick firebrick wall; the back ends of the retorts rest upon this 
dividing wall. There are three rows of forty-eight retorts each in each 
chamber, and the furnace will treat 1,600 pounds of ore per 24 hours, 
The great advantage of this furnace is the greater uniformity and 
better control of the heat, by which means poorer ores may be smelted. 
In this case second-class ores are treated very successfully. 

The collection taken by Mr, BE, L. Zukoski, B. M., October, 1854, shows 
the ore, fuels, charges, products, and a few accessories. 


Ore. 


(1) Blende, with some chert, crushed ready for the roasters. (55421.) 
(2) Roasted blende, ready to be charged into the retorts, (55422.) 
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Fuel. 
(1) Coal slack. (55432.) 
(2) Coke, manufactured from coal slack in beehive ovens. (55424.) 
(3) Crushed coke and coal slack, two-thirds coke and one-third slack; used to reduce 
the zine from the ore in the retorts. (55425 ) 


Charge. 


(1) Retort charge, used in upper two rows of retorts of the Belgian furnace; con- 
sists of roasted ore, blue powder, scrapings from condensers, coke, and slack. 
(55433. ) 

(2) Retort charge, used in lower rows of retorts of the Belgian furnace; consists 
of roasted ore, coke, and slack. (55438.) 


Product. 


(1) Spelter or metallic zine. (55435.) 

(2) Spelter or metallic zinc, showing fracture. (55436.) 

(3) Blue powder, a mixture of oxide and metallic zine, resulting from imperfect 
condensation. (59437.) 

(4) Residue, remaining in the lower retorts of the Belgian furnace after the ex- 
traction of the zinc. (55434.) 

(5) Flue dust, consisting largely of oxide of zinc. From the reheating chambers of 
the gas furnace. (55426.) 

(6) Flue dust, containing oxide of zinc from the flues of the roaster. (55427.) 

(7) Slag accretior, formed in the bottom of the gas furnace. (55431.) 


Accessories. 


(1) Clay, a mixture for manufacturing retorts. (55423. ) 

(2) Retort, in use one week. (55428. ) 

(3) Retort, in use one month. (55429.) 

(4) Retort, with accretions on bottom, in use two months. (55430.) 


PASSAIC ZINC WORKS. 


These works are situated at La Fayette, near Jersey City, New Jersey. 
They were started in 1854, when furnaces for the production of oxide 
of zine from the Franklinite ores were built. In 1875 Belgian furnaces 
for the production of spelter from the silicate and carbonate ores were 
added, and in 1884 a shaft furnace for smelting spiegeleisen from the 
residues from the oxide furnaces containing iron and manganese was 
added. 

The ores used are mined at Sterling Hill, Ogdensburgh, and Mine 
Hill, Franklin, Sussex County, New Jersey, and are divided into silicate 
and carbonate ores, and Franklinite ores. The former are used for the 
production of spelter, but the latter can not be, since the silicate of 
manganese formed from the manganese in the ore is very destructive 
to the retorts on account of its easy fusibility. The Franklinite ore is 
very complex, containing Franklinite, zincite, willemite, and rhodonite, 
in varying proportions, in a gangue of calcite. 

The spelter furnaces are built in three blocks of four each, eight 
large, and four small. The large furnaces contain seven rows of retorts 
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with ten ina row. The usual charge consists of 32 to 39 pounds of ore 
mixed with 21 pounds of anthracite coal dust. 

The oxide furnaces commonly known as Wetherill furnaces are simply 
rectangular furnaces 6 feet by 4 feet, with an arched roof 3 to 4 feet 
above the grate which consists of perforated iron slabs. There are 
forty-eight of these furnaces. 

The Franklinite ore is mixed with anthracite coal dust, and charged 
info these furnaces, the metallic zine is reduced in the form of vapor, 
and, an excess of air being admitted above the fire, it is immediately 
converted into oxide of zine in a very fine state of subdivision. An 
exhaust fan draws this oxide of zine suspended in air through cooling 
tubes, and delivers it to a large number of cotton bags which allow the 
air to.pass through, but retain the oxide of zinc. From time to time 
the oxide of zinc is removed from the collecting apparatus in the form 
of an impalpable white powder which is used for a white paint. 

The residuum remaining in the oxide furnace is drawn off and sent 
to the spiegel furnace. The spiegel furnace is an ordinary blast fur- 
nace, 374 feet by 8 feet, which is run in the same manner as an ordinary 
iron furnace, but with special provisions for collecting the zine which 
remains in the residuum, and is driven off during the smelting in the 
form of oxide, and then collects in the gas ways. Greater care is also 
necessary in order to keep the furnace running smoothly. The ordinary 
charge for this furnace is 1,150 pounds of residuum, 1,000 pounds of 
anthracite coal, 270 pounds of limestone. Fifty to sixty of these 
charges are made daily, producing about 10 tons of about 20 per cent. 
spiegel. There are also made about 13 tons of oxide of zine per week, 
which is smelted in the spelter furnaces. 

A block of the Belgian furnaces is shown in PL. XX and the oxide 
furnaces in PL. XXIV. 

The collection taken by Mr. J. B. Mackintosh, E. M., October, 1884, rep- 
resents a large series of the Franklin ores, the fuel, the intermediate, and 
final products. 

SPELTER FURNACE SAMPLES. 
Ore. 

(1) Calamine, showing decomposition. Ogdensburgh, Sussex County, New Jersey. 
(54133. ) 

(2) Calcined silicate, lump ore. (54134.) 

(3) Calcined silicate, crushed, ready for furnaces, (54135.) 

Furnace Charge. 
(1) Ore, mixed with anthracite coal dust. (55834.) 


Products. 


(1) Spelter or metallic zine, (54142.) 

(2) Blue powder, a mixture of metallic zine and oxide of zine, obtained as a by- 
product in distilling zine. (54141.) 

(3) Residue, remaining in the retorts after reducing and distilling the metallic zine 
from the silicate ore. (54143.) 
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Accessories. 


(1) Fire clay. Woodbridge, Middlesex County, New Jersey. (55827.) 
(2) Sandy clay. Woodbridge, Middlesex County, New Jersey. (55828.) 
(3) Burnt clay. (55829.) 

(4) Quartz sand. (55830.) 

(5) Retort, old. (55831.) 

(6) Retort, old, ground. (55832.) 

(7) Retort, new. (55833.) 


OXIDE FURNAOE SAMPLES. 
Ore. 


(1) Franklinite, willemite, zincite, and calcite, lump ore. Buckwheat Field Mine- 
Franklin, Sussex County, New Jersey. (54129.) 

(2) Franklinite, willemite, zincite, and calcite, crushed, ready for furnaces. Buck, 
wheat Field Mine, Franklin, Sussex County, New Jersey. (54130.) 

This ore yielded on analysis in the laboratory of the department by Mr. J. A- 
Allen— 


Per cent. 
SUITCA1Oy)) aatalmolsl iaisaleletalalera's dijasfelecietels sicisel mete emeine mise ar 10. §8 
ZINE A(AM))25.212 sin Asan) tS sos ewascise sachin oe eine eee 29. 86 
Manganese (vin) eet eee a oeh ee ays eeee ne eee ee eee nee 11.19 
Tron, (He) % 25-232 sece5 Soc veneeecine see eee ee eae 20. 97 
Alaminar(AlsO3) 322 252. cate ceceaeten ss bite ocean ee eee 0. 82 
Lime\( CaO) sis sne ees eee Se Se er eee ae 4,50 
Maonesia (MgO) (2225. 2ro2e-8 325 eRe ee eee eee 0. 39 
Carbonie acid'(CO3) s.82. eect Soe es Se eee ee eee 3.93 


(3) Franklinite, willemite, zincite, tephroite, and calcite, lumpore. sterling Hill 
Mine, Ogdensburgh, Sussex County, New Jersey. (54131.) 

(4) Franklinite, willemite, zincite, tephroite, and calcite, crushed, ready for fur- 
naces. Sterling Hill Mine, Ogdensburgh, Sussex County, New Jersey. (54132.) 

This ore yielded on analyses in the laboratory of the Department by Mr. J. A. 
Allen— 


Per cent. 
Siltea \(SiOs ces Sae sires tora Sete a wes cide ae Serie Meee 7. 80 
Zine (CAN) 24 ve, ache wes ot esas eee ee ee ees 19. 80 
Manganese’ (Min) 30.2225 2s ence @acee ce eee eee 8. 89 
Trons(he) = 2 sss See Ee ee oe Reena 16. 44 
Alumina (CAL O3) iesssost ee wes ae eee ee eee ee eee 1509 
sim (CaO) crews ahs Sic eh saa Soe e See Sees cee eee 15. 91 
Magnesia -(MeO) occ seccs eet 2 leet cee ee ee eee nee 2.08 
Carbonic:acia) (COs) ~ s-2oe sone eee eee oe eee 14,11 


(1) Anthracite coal. (54136.) 
(2) Anthracite coal dust, used for reducing the zine in the retorts and oxide fur- 
naces. (54137.) 


Furnace charge. 
(1) Ore, mixed with anthracite coal dust. (55835.) 
Products. 


(1) Oxide of zinc, obtained from Franklinite ore by s:ielting with coal dust and 
reoxidizing the distilled zine; it is afterward cooled and collected in muslin bags. 
(54140. ) 
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¢ (2) Residunm, remaining in the oxide furnaces after the extraction of the zinc, 
contains iron and manganese, which are extracted in a blast furnace as spiegeleisen. 
(54138. ) 
(3) Residuum, from oxide furnaces, showing crystallized oxide of zine. (54139.) 


SPIEGEL FURNACE SAMPLES. 


(1) Residnum, the residue after the extraction of the zine from Franklinite ore in 
the zine oxide furnace. It contains the iron and manganese of the ore, (54965.) 

(2) Coal, anthracite coal used for fuel. (54966. ) 

(3) Limestone, calcite, containing a little pyrite; used for flux. From Sing Sing, 
Westchester County, New York. (54967.) 

(4) Slag. (54964.) 

(5) Graphite, carbon, in spiegel slag. (54963.) 

(6) Spiegeleisen,an alloy of iron and manganese, rich in combined carbon; used 
in the manufacture of steel. (54962.) 

(7) Zine oxide, from the gas ways. (54969.) 


DD TN. 
TIN MINERAL. 
CASSITERITE. (TIN STONE, STREAM TIN.) 


Composition: SnO,. Oxide of tin, containing tin 78.67 per cent. and 
oxygen 21.53 per cent. 

It crystallizes inthe tetragonal system, crystals being very com- 
plex and generaily twinned. It sometimes occurs in globular form 
with fibrous structure, and also massive. It varies in hardness from 6 
to 7 and in specific gravity from 6,4 to 7.1. Its general color is brown, 
but it oceurs of several shades of red and gray, also white. Sometimes 
it is nearly transparent, and graduates into opaque. 

Cassiterite is the universal tin ore and can readily be distinguished 
from most minerals with which it could be confounded by its high spe- 
cific gravity. It is represented by a single specimen here. Others will 
be found with the tin ores. 


(1) Rough crystals. Irish Creek, Rockbridge County, Virginia. (30866.) 
TIN OREs. 


It has been generally supposed that tin was a rare metal in this 
country. This, however, is only partially true, the occurrence of cas- 
siterite, the binoxide of tin, in small quantities, being known to min- 
eralogists from a large extent of territory for many years; bat it is 
only in very rare instanees that this occurrence has given even the 
slightest evidence of there being a deposit which would prove of any 
commercial value. The first discovery that was at all favorable was 
made by Professor Jackson in New fHlampshire in 1840, Specimens of 
this ore, together with a bar of tin produced, have been in the Museum 
many years. 
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A small amount of cassiterite from two localities, together with a 
bar of the tin produced, from Montana, was exhibited at the Cen- 
tennial. An ore of a different character, being a stanniferous wol- 
fram, has been known in California for many years, and at one time, 
quite extensive operations were commenced upon the deposit. The 
ore, however, is somewhat difficult of treatment, and this, with liti- 
gation, soon closed up the mine and the works. Isolated specimens of 

cassiterite have been found at various times from several localities in 
Maine, and the next discovery of any importance was at Winslow, in 
that State, where a more definite vein carrying cassiterite was discov- 
ered in 1867. The vein here, however, was exceedingly small and noth- 
ing has been accomplished. Following close upon each other, in 
1882-83, there were discoveries of tin in three widely separated locali- 
ties, which have given promise of ultimately producing more or less tin. 
These localities are at the Broad Arrow Mines, in Alabama; the Cash 
Mines, in Rockbridge County, Virginia, and the deposits at Harney 
Peak, in the Black Hills of Dakota. In 1884 a further discovery was 
made at King’s Mountain, North Carolina. 

The collection of tin ores, besides including a few specimens of purely 
mineralogical significance, contains samples of every locality that has 
ever given any promise of producing the ore in any amount. 


(1) Cassiterite, fluorite, margarite, calcite, shows full width of the vein. Wins- 
low, Kennebec County, Maine. (4785.) 

(2) Cassiterite, in mica and quartz. Peru, Oxford County, Maine. (54215.) 

(3) Cassiterite, in feldspar, with quartz and tourmaline. Norway, Oxford County, 
Maine. (54216.) 

(4) Cassiterite, in feldspar, with quartz and tourmaline. Rumford, Oxford County, 
Maine. (54214.) 

(5) Cassiterite, crystalline. Paris, Oxford County, Maine. (54213.) 

(6) Cassiterite, in schist, discovered in 1840. Jackson, Carroll County, New Hamp- 
shire. (13397.) 

(7) Metallic tin, smelted in 1840 from the Jackson ores. (33617.) 

(8) Cassiterite, in coarse granite, called ‘‘vreissen.” Black Hills, Dakota. (56546.) 

(9) Cassiterite, in coarse granite, cailed ‘‘ greissen.” Etta Mine, Rapid City, Pen- 
nington County, Dakota. (65148.) 

(10) Cassiterite, in quartz. Width of vein 35 feet. Etta Mine, Pennington County, 
Dakota. (56547.) 

(11) Cassiterite, in rough crystals and water-worn fragments, with other heavy 
minerals. Black Hills, Dakota. (56548.) 

(12) Metallic tin, some of the first metal smelted from the Black Hillsores. (51213.) 

(13) Cassiterite, in rough erystals and water-worn fragments, with other heavy 
minerals. Bear Gulch district, Lawrence County, Dakota. (33356.) 

(14) Cassiterite, in water-worn pebbles, stream tin. Ten Mile district, Lewis and 
Clarke County, Montana. (10922. 

(15) Cassiterite, in water-worn pebbles, streamtin. Prickly Pear, Jefferson County, 
Montana. (11044.) 

(16) Metallic tin, from the Prickly Pear ores, Montana. (29909.) 

(17) Cassiterite, characteristic sample of the Temescal ore. Temescal, San Ber- 
nardino County, California. (56423.) 

(18) Stanniferous wolfram. San Jacinto Mine, Temescal, San Bernardino County, 
California. (16097. ) 
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(19) Metallic tin, smelted from the San Jacinto ores, (16096, ) 

(20) Cassiterite, with a little quartz, showing full width of vein. Cash Mine, 
Rockbridge County, Virginia, (30921.) 

(21) Cassiterite, in quartz. Martha D, Cash Mine, No. 2, Rockbridge County, Vir- 
ginia. (43997.) 

(22) Quartz gangue. Martha D. Cash Mine, No.2, Rockbridge County, Virginia. 
(43999-) 

(23) Cassiterite, crystallized in gneiss. Martha D.Cash Mine, No. 1, Rockbridge 
County, Virginia, (43995.) 

(24) Metallic tin, smelted from the ores of the Cash Mines. (55405.) 

(25) Cassiterite, rough crystals and water-worn fragments, stream tin. King’s 
Mountain, Cleveland County, North Carolina, (57775.) 

(26) Cassiterite, rough crystals and water-worn fragments, stream tin. King’s 
Mountain, Cleveland County, North Carolina. (54217.) 

(27) Cassiterite, water-worn fragments, stream tin. Broad Arrow Mine, Ashland 
district, Clay County, Alabama. (34162. ) 

(28). Stanniferous hematite. Broad Arrow Mine, Ashland district, Clay County, 
Alabama. (34169.) 

(29) Gneiss rock, carrying disseminated cassiterite, contains about 2 per cent. of 
tin. Broad Arrow Mine, Ashland district, Clay County, Alabama. (34172.) 

(30) Metallic tin, smelted from the Broad Arrow ores. (34173.) 


ANTIMONY. 
ANTIMONY MINERAL AND ORE.” 
STIBNITE. 


Composition: Sb.S;. Sulphide of antimony, containing antimony 
71.8 per cent. and sulphur 28.2 per cent. 

It crystallizes in the orthorombic system, crystals being long-bladed 
and complex. It generally occurs columnar massive. Its hardness is 
2 and its specific gravity is 4.5; it has a lead-gray color and fall 
metallic luster; it can be cut into shavings with a knife. 

Stibnite is the universal antimony ore, and is illustrated by seven 
specimens : 


(1) Crystallized and massive, with a little quartz. San Benito County, California, 
(56408. ) 

(2) Massive, fibrous, with quartz. Summit Mine, San Emigdio mining district, 
Kern County, California. (34294.) 

(3) Massive, fibrous. Humboldt County, Nevada. (56469.) 

(4) Massive, fibrous, a little decomposed. American Antimony Mine, Utah. 
(55369. ) 

(5) Fibrous, separated. American Antimony Mine, Utah. (55370.) 

(6) Metallic antimony, from the American mine ores. (55373. ) 

(7) Massive, fibrous, with quartz and calcite. Silver Hill, Sevier County, Arkansas, 


(56402. ) 
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MERCURY. 
MERCURY MINERALS. 
MERCURY. (QUICKSILVER.) 


Composition: Pure mereury. Occurs in small fluid globules scattered 
through a gangue. Free mercury is not common, but is found in small 
amounts in a number of mines, and is illustrated by a single specimen 
here. Six other specimens showing free mercury are included in the 
ore and the New Almaden collections. 


(1) Free mercury globules, with cinnabar in quartz, Rattlesnake Mine, Sonoma 
County, California.. (15936.) 


CINNABAR. 


Composition: HgS. Sulphide of mercury, containing mereury 86.2 
per cent. and sulphur 13.8 per cent. 

It crystallizes in the rhombohedral system, crystals being very com- 
plex and not common; it generally oceurs granular and massive. It 
varies in hardness from 2 to 2.5; its specific gravity is 8.99. It is cochi- 
neal red in color, has an adamantine luster, and is subtransparent to 
opaque. Cinnabar is the universal mercury ore, and is illustrated by 
four specimens: 

(1) Crystallized, cementing a quartz conglomerate. Phcenix Mine, Pope Valley, 
Napa County, California. (15989.) 

(2) Crystalline, botryoidal mass overlaid by chalcedony. Phenix Mine, Pope Val- 
ley, Napa County, California. (65315. ) 

(3) Massive, with layers of quartz. Pomposa Mine, Santa Barbara County, Cali- 


fornia. (56420.) 
(4) Crystalline and massive. New Hope Mine, Fresno County, California. (15083. ) 


MERCURY ORES. 


For the extraction of the metal mereury ores are roasted, by which 
treatment the combination between the mercury and sulphur is broken 
up and the mercury is set free. This roasting is carried on above the 
boiling point of the metal, and it is therefore volatilized with the prod- 
ucts of combustion. The products of combustion are conducted 
through condensers, where the mereury collects and is drawn off. 
Mercury, on account of the faet that it is finid at ordinary temperatures, 
occupies a unique position among the metals. Moreover, its extensive 
use in extracting the precious metals, for which enormous quantities 
are used, makes it doubly interesting and valuable to the metallurgist. 

While specimens of cinnabar occur in many localities, yet the pro- 
duction of mercury is mainly confined to three localities : Almaden in » 
Spain; California, especially New Almaden, and Idria in Austria. 
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Bight specimens illustrate the subject here, and a complete collection 
from New Almaden is shown further on: 

(1) Free mercury, cinnabar, and quartz, American Mine, Lake County, California. 
(15118. ) 

(2) Cinnabar and quartz. Georgia Mine, Sonoma County, California, (15074.) 

(3) Cinnabar and quartz. Oakland Mine, Sonoma County, California, (15122.) 

(4) Cinnabar and quartz. Geyser Mine, Sonoma County, California. (15979.) 

(5) Cinnabar and quartz. Geyser Mine, Sonoma County, California. (65316.) 

(6) Cinnabar and quartz, Washoe County, Nevada. (56470.) 

(7) Mercury, distilled from California cinnabar.  (34301.) 

(8) Iron flask, in which mercury is transported. Holds 764 pounds of mercury. 
(29912. 
NEW ALMADEN MINES AND WORKS. 


The quicksilver mines and reduction works of New Almaden are 15 
miles south of the city of San José, Santa Clara County, Calitornia, in 
the Santa Cruz Mountains, at an elevation of 1,700 feet above the sea. 
These mines were first worked for quicksilver in 1845, but the opera- 
tions were on a small scale, and no record exists earlier than 1850, 
They have been, and now are, the most productive quicksilver mines 
in the world, except the mines at Almaden, Spain. They are developed 
to the depth of 2,500 feet, and the workings extend horizontally over 1 
mile square. 

About 500 men find steady employment, the work being actively 
prosecuted throughout the year. From the Ist of January, 1864, to 
the 31st of December, 1887, the number of feet of drifting and sinking 
amounted to 224,922 feet, or 42.60 miles, at a cost of $1,918,457.29. 
This does not include the excavations made in extracting ore. For 
the ground opened up during the previous period, from 1850 to 1864, 
15 miles of drifting and sinking can be added. 

The reduction works consist of eight furnaces and include the most 
improved methods for working quicksilver ores. They may be consid- 
ered as one of the most complete and perfect in every respect in the 
world. In the early days the ores were very rich, averaging 30 per 
cent. and more of quicksilver, and the amount of ore extracted was 
comparatively small, ‘The ores have gradually grown poorer, and now 
the percentage of mercury is about2. In order to keep up the produe- 
tion of metal large amounts of ore have to be extracted. 

In the first full year of which there is a record, July, 1850, to June 
30, 1857, 4,970,717 pounds of ore, averaging 36.74 per cent. of mer- 
cury, yielded 23,575 flasks, while in the vear 1887, 64,151,300 pounds of 
ore, averaging 2.38 per cent. mercury, yielded 20,000 flasks. The total 
production to the end of 1887 has been 862,788 flasks, weighing 764 
pounds each, 

The collection from the mine includes a full series of characteristic 
ores, the vein filling, and the wall rocks, together with an exce!lent 
glass model of the mine. The operation of the reduction furnaces is 
fully illustrated by 11 specimens. To the specimens are added an ex- 
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cellent series of. photographs of characteristic scenes about the works 
and mine, both above and below ground. 

A working space 1,500 feet below ground is shown in PL. XXV, a view 
of a shaft house and dressing floor in PL. XXVI, a general view of the 
reduction works in PL. XxVII, and a view of a furnace in PL. XXVIII. 


(1) Hanging wall, or “‘alta,” as it is called, from the Spanish word meaning high. | 


This invariably forms one of the boundary walls of the ore-bearing vein, the line of 
contact of the two being usually very distinct. The physical properties of the rock 
are well represented in the specimen, although its color and hardness vary consider- 
ably. Itis usually black, but is sometimes white, gray, brown, or yellow, the last 
color being characteristic of surface ‘‘alta.” It is sometimes found in the form of 
clay, at others it is slate or shale and harder and more tenacious than the specimen. 
(66436. ) 


Nos. 66437 to 66454 inclusive are characteristic specimens of ore and 
veinstone from the main ore chute. 


(1) Nearly pure cinnabar, from the 1,500-foot levei. Large bodies of this qnality of 
ore are frequently found. (66437.) 

(2) Cinnabar, mixed with its characteristic gangue, consisting principally of dolo- 
mite, tale, calcite, and bitumen. These specimens are typical, the bulk of the ore 
taken from the mine being found in this condition. (66438,.66439, and 66440.) 

(3) Globules of native mercury, in characteristic gangue. Specimens of this kind 
are very common, but the yield of quicksilver from them is small. (66441.) 

(4) Globules of native mercury, in characteristic gangue shows especially cavi- 
ties containing bitumen. (66442.) 

(5) Globules of native mercury, in characteristic gangue. Avery handsome speci- 
men, showing large globules on crystallized doJomite. (66443.) 

(6) Crystals of cinnabar, which are sometimes found with a few globules of free 
mercury in cavities. (66444.) 

(7) Cinnabar, very handsomely crystallized. (66445. ) 

(8) Dolomitic veinstone, often found in large slabs. Scored and polished naturally. 
(66446. ) 

(9) Dolomitic veinstone, well crystallized. Occurs in seams and cavities, inter- 
mixed with other vein matter and ore. (66447.) 

(10) Dolomitic veinstone. Contains more of the carbonates of iron and calcium 
than is common. (66448. ) 

(11) Veinstone, from old workings near the surface. The vein from this part of the 
mine differs from that of the lower levels in its color, and in its being intermixed, 
more or less, with the hanging wall material. (66449 and 66450. ) 

(12) Veinstone, from the surface, in the vicinity of the place where cinnabar was 
first discovered. (66451.) 

(13) Vein rock, from a ‘* labor” or working space on the 1,800-foot level. Contrary 
to the usual condition in productive vein rock, considerable free mercury and very 
little cinnabar are found here. (66452. ) 

(14) Native mercury, collected from the labor just mentioned. After blasting it 
often runs out of the cavities in streams. (66453. ) 

(15) Cinnabar and veinstone. Interesting chiefly on account of the pyrite which 
it contains. This intermixture is quite common. Sulphides of several other metals 
are also found, but only occasionally, and in small quantities. (66454.) 

(16) Serpentine, which forms the foot wall of the vein. It is usually in contact 
with and underlying the vein, but in absence of the vein it comes in sharp contact 
with the hanging wall. Sometimes there is a strong line of demarcation between 
the vein and foot wall; at others they shade off almost imperceptibly into each 
Other. (66455.) 
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The model of the mine consists of 26 plates of glass set at distances 
representing 50 feet apart. Upon these are drawn the outline of the 
surface ground, with the buildings; the shafts, tunnels, and working 
spaces underground; and the ore bodies. By looking through the plates 
as they stand one can see represented the whole mine and its surround- 
ings. Itis constructedon a seale of 100 feet to the inch. (66456.) 

The operation of the furnace is illustrated by— 

(1) Average sample of lump ore ‘‘Granza.” (51621.) 

(2) Roasted Granza. (51622.) 

(3) Coarse ore or ‘‘Granzita.” (51657.) 

(4) Coarse Tierras or ‘‘ Granzita” roasted. (51625.) 

(5) Fine ore or ‘‘Tierras.” (51623. ) 

(6) Fine ore or ‘‘ Tierras” roasted. (51624. ) 

(7) Wood, used for fuel. (51626.) 

(8) Soot, from condensers. (51627.) 

(9) Acid water, from condensers. (51590.) 

(10) Miniature quicksilver flask. (51628.) 

(11) Pure quicksilver. (51589.) 


ALUMINIUM. 
ALUMINIUM MINERALS. 
CORUNDUM. 


Composition: Al,O,;. Sesquioxide of aluminium containing alamipium 
53.4 per cent. and oxygen 46.6 per cent., generally containing a small 
amount of iron. 

It crystallizes in the rhombohedral system, prismatic and pyramidal 
planes predominating. Large rough crystals are quite common. It 
also occurs massive and granular. Its hardness is 9, being next to the 
diamond. It varies in specific gravity from 3.90 to 4.16. It occurs ina 
large variety of colors, especially reds and blues, and white. It is trans- 
parent to translucent, and hasa vitrous luster. Clear, transparent, red 
corundum forms the gem, ruby, while the blue forms saphire. 

The most important use of corundum is for grinding purposes, but 
small amounts have been smelted direct for aluminium, Three illustra- 
tions of corundum are shown here, and a full suite will be found with 
the grinding and polishing materials. 

(1) Rongh erystal. Shimerville, Lehigh County, Pennsylvania. (66573.) 

(2) Decomposed rock, containing corundum. Shimerville, Lehigh County, Penn- 
sylvania. (66574.) 

(3) Lump corundum. Alabama. (6575.) 


BAUXITE. 


Composition: (AlFe),O, 2H,O. Hydrated sesquioxide of alumininun, 
containing variable amounts of iron, silica and titanie acid are also 
generally present. Its general occurence is oélitic and clay like, 

9111—No, 42——13 
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Bauxite is an abundant source of aluminium. Three characteristic 
samples from a deposit in Floyd County, Georgia, are shown: 


(1) OGlitic and porous, slightly stained by iron. (66576.) 
(2) Odlitic, stained by iron. (66577.) 
(3) OGlitic, hard and compact, very red from iron. (66578.) 


An analysis by Prof. J. W. Langley shows it to contain : 





Per cent. 

Silica q(Si@s) 4 ost occ ee< esc Seances cere ee aera 16. OL 
DRitanigsacid CLiOs) 22 ssaeece er srest es sees eee eee 6. 33 
Water (HeO)s cee. a ee ee ee 25.27 
Sesquioxide of tron \(H6;,03) S2-9- ose ere Lees eee eee nee 0. 70 
Alumin ai(CAlsOs) ia. oe teueces - eee eee ee eee eee eee *51. 69 
100. 00 

Aluminitim (CAT): 2.232 Soccer woe neers = eee 27.49 


CRYOLITE. 


Composition: Al,NagF 2. Fluoride of aluminium and sodium, contain- 
ing aluminium 13 percent., sodium 32.8 per cent., and fluorine 54.2 
per cent. 

It crystallizes in the triclinic system in tabular crystals, generally 
occurs massive, showing cleavage. Its hardness is 2.5, and specific 
gravity varies from 2.9 to 3.077. It is generally white, although it may 
be tinged or black, and translucent. 

Cryolite is an abundant source of aluminium since it used for the man- 
ufacture of carbonate of soda, and alumina is obtained as a by-product. 
It is found in large amounts only in GreenJand, and is illustrated by a 
single characteristic specimen. 

(1) Massive, containing siderite, galena, and chalcopyrite. (17571.) 


CLAY. 


Under this head are included several hydrated silicates of aluminium 
of very varying composition, which will be more fully described fur- 
ther on. 

Aluminium is a constituent of many other minerals, but they are not 
used for the manufacture of the metal. 


EXTRACTION OF ALUMINIUM. 


Although aluminium is a constituent of so many common minerals, 


its extraction is very difficult and expensive, owing to the tenacity with ~ 


which it holds on to oxygen. The first step is the preparation of the 
anhydrous sesquioxide, alumina (A],O;), in as pure a condition as pos- 
sible. For this purpose the aluminium minerals are treated chemically 
by long and complicated processes. Having a pure alumina, it is first 
converted into anhydrous chloride, and the metal is then reduced from 
this by means of metallic sodium. Formerly this was the only method 
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of making pure aluminium, but recently several methods of producing 
the metal direct from the oxide by electric smelting have been proposed, 
and give promise of being successful. 

Alloys of copper and aluminium are also smelted, sometimes from 
corundum, by reducing the aluminium in presence of metallic copper, 
with which it immediately alloys. 

The collection donated by Col. William Frishmuth contains twelve 
specimens, and shows several steps in the process, together with a full 
series of products. 

(1) Corundum, consisting of oxide of aluminium. North Carolina. (50596. ) 

(2) Sulphate of aluminium and sodium, prepared from corundum. (50597, ) 

(3) Alumina, precipitated from the sulphate of aluminium and sodium. (50598. ) 

(4) Double chloride of aluminium and sodium, made from the precipitated anhy- 
drous alumina. (50599. ) 

(5) Metallic aluminium, in globules, first smelting. (50600.) 

(6) Ingot and sheet. (50601.) 

(7) Wire. (50602. ) 

(8) Foil. (50603. ) 

(9) Bronze powder. (50604.) 

(10) Soldered. (50€05.) 
(11) Alloyed with copper, known as aluminium gold. (50606.) 
(12) Sheet brass and copper wire ; electroplated with aluminium. (50607. ) 

(1) Ingot, smelted from alumina dissolved in a heated bath of flourides and sub- 
jected to the action of a powerful electric current, by the Hall process. (51629. ) 

(2) Sheet metal, rolled from ingot No. 51,629, 0.0005 of an inch thick. (51630. ) 

(3) Alloy ofaluminium and copper, containing 42 per cent. aluminium, smelted from 


alumina by a powerful electric current in the presence of copper, by the Heroult pro- 
cess. (51631.) 


CHROMIUM. 


CHROMIUM MINERAL AND ORE. 


CHROMITE. 

Composition: FeOCr,0;. Protoxide of iron and sesquioxide of chro- 
mium, containing iron protoxide 32 per cent. and chromium sesquioxide 
65 per cent. Magnesia generally replaces some of the protoxide of iron 
and alumina the sesquioxide of chromium. Besides iron is frequently 
present as sesquioxide and chromium as protoxide. 

It crystallizes in the isometric system, showing octahedrons, but geu- 
erally occurs fine granular or massive. Its hardness is 5.5 and specific 
gravity 4,321. It is black and has a submetallic luster. Sometimes it 
is magnetic. 

Chromite generally occurs in or with serpentine. It is used mainly 
for the manufacture of chromates for painting, dyeing, and the like. 
Small amounts are used to produce chromium steel. Chromite occurs 
only sparingly in nature, and the collection illustrates the principal 
United States localities. 

(1) Very fine granular, with streaks of decomposition products. Wood’s Mine, Lan- 
caster County, Pennsylvania, (11681.) 


(2) Crystalline sand, with fine sharp crystals. Lancaster County, Pennsylvania, 
(5179. ) 
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(3) Crystalline sand, with rough, coarse, crystals. Oxford, Chester County, Penn- 
sylvania. (65353.) 

(4) Crystalline sand, with considerable impurity. Carter’s Mine, Madison County, 
North Carolina. (56310. ) 

(5) Coarse granular. Webster, Jackson County, North Carolina, (65428.) 

(6) Coarsely crystalline and foliated. Placer County, California. (65351.) 

(7) Granular. Del Norte County, California. (65349,) 

(8) Crystalline and impure. San Luis Obispo County, California. (66350.) 


BIS se Le 
BISMUTH ORES. 


(1) Oxidized ore, contains 55 to 60 per cent. of metallic bismuth. Northern Spy 
Mine, Juab County, Utah. (55341.) 
(2) Oxidized ore. Bismuth Mine, Granite District, Beaver County, Utah, (55342, 


ALLOYS. 


Precious METAL ALLOYS. 


In treating auriferous copper containing bismuth Mr. Richard Pearce 
discovered some beautiful crystals of an alloy of gold and bismuth, and 
in studying the matter lias formed a very interesting series of crystal- 
line alloys of the precious metals. 


(1) Ascicular crystals, brown-gray. Containing gold 69.94 per cent., silver 0.63 
per cent., bismuth 29.43 per cent.=Auj,: Bis. (55975. ) 

(2) The same alloy, copper-red in color. (55976. ) 

(3) The same alloy, oxidized below its melting point; greenish-yellow. (55977.) 

(4) Octahedral crystals, containing gold 69 per cent., silver 21 per cent.; yellow. 
(55978. ) 

(5) Crystalline alloy, containing gold 62.164 per cent., silver 35.486 per cent., cop- 
per and bismuth 2.350 per cent.; bright yellow. (55979.) 

(6) Crystalline alloy, containing gold 65.21 per cent., silver 33.19 per cent., copper 
1.60 per cent. ; very bright yellow. (55980.) 

(7) Crystalline alloy, containing gold 58.51 per cent., silver 39.16 per cent., copper 
2.33 per cent.=Au,;Ags; pale yellow. (55981.) 

(8) Crystalline alloy, containing gold 94.15 per cent., silver 4.43 per cent. ; reddish 
yellow. (55982..) . 

(9) Octahedral crystals, containing gold 61.52 per cent., copper 38.48 per cent. = 
AuCn,; reddish. _ (55983. ) 

(10) Octahedral crystals, containing gold 93.49 per cent., copper 6.51 per cent. ; red- 
dish. (55984.) 

(11) Crystals, containing gold 60.16 per cent., silver 21.21 per cent., copper 18.63 
per cent. ; yellowish-gray. (55985. ) 

(12) Crystals, liquated from melted bismuth, containing gold 59.06 per cent., silver 
37.21 per cent., copper and bismuth 3.73 per cent.; yellow. (55986.) 


BRASS. 
Brass is an alloy of copper and zine in varying proportions, to which 


at times other metals are added in small amounts to give certain char- 
acters to the alloy. It is applied to a large variety of uses familiar to 
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every one, and takes the place of copper in many cases where it answers 
just as well and costs considerably less. 

Iu the manufacture of brass a certain amount of scrap brass is first 
melted in a crucible, in order to give a fluid bath on the bottom of the 
crucible, and into this is put che proper amount, depending upon the 
grade of brass desired, of copper, which is melted. The contents of the 
crucible must now be brought to just the right temperature; if it is too 
cold it is heated ; if too hot, and this is generally the case, it is cooled or 
tempered by adding strips of brass. If it is too cold the zine will not 
mix properly with the copper; if it is too hot the zine will be volatilized 
and the contents of the crucible boil over. 

Being at the right temperature the zinc is added, Since zine oxidizes 
very easily it is customary to add an excess, about 5 per cent., for loss, 
but with care it is possible to reduce the loss to 1 per cent. Sometimes 
small amounts of other metals, especially lead, are added to give special 
qualities to the brass. When the zine is thoroughly incorporated with 
the copper the melting is finished and the brass is ready to be cast. 
The form into which it is cast depends upon the use to which it is to be 
put. 

Great care is required in casting to secure good results. The cruci- 
ble is first skimmed and then poured. If poured too fast air will be 
entangled with the metal and the casting will be unsound from blow 
holes ; if poured too slow dross will catch on the sides of the mold and 
make bad spots in the casting. The crucibles hold 100 to 130 pounds, 
and, since the work is very exhausting, the melters work only 6 to8 
hours a day, producing five to six heats. The average product of good 
brass is about 75 per cent. of the materials charged. 

The manufacture and utilization of brass as practiced at the works of 
the Ansonia Brass and Copper Company, Ansonia, New Haven County, 
Connecticut, is illustrated by a full collection taken by Mr, Henry 
Cooper, 1854. 

(1) Copper, used in the manufacture of brass. (54393.) 

(2) Spelter or metallic zinc, used in the manufacture of brass. (54378.) 

(3) Pig lead, used in the manufacture of brass. (54394.) 

(4) Serap brass, obtained from the ashes of the casting shop by washing. (54395.) 

(5) Oxide of zine, obtained as a efflorescence in working up the refuse of the casting 
shop on letting the metal stand for’a long time in the crucible in the furnace. 
(54396. ) 

(6) Brass crucible, in use for fifty rounds of melting. (54399.) 

(7) Common or high brass, shows the brass as cast into a bar one and one-quarter 
inches thick, and the bar reduced to one-quarter inch thick by rolling. Composition, 
two parts copper to one part zine. (54386. ) 

(8) Brass, that can be worked hot or cold, showing the bar as cast, and the redue- 
tion of the same bar by rolling; the cast rod 2 inches square is broken down to 
seven-eighths of an inch round, hot, and finished cold. Composition, three parts cop- 
per to two parts zine. (54376.) 

(9) Brass, that can be worked hot or cold; a test piece hammered out hot. Com- 
position, three parts copper to two parts zinc. (S1156.) 

(10) Clock brass, embossed. (54390. ) 
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(11) Clock brass, a movement put together. (54391. ) 

(12) Spinning brass. (54377.) 

(13) Cartridge metal, showing different stages in the production of the cartridge, 
and tests to prove the quality of the metal. (54373.) 

(14) Tubing, composition, four parts copper to one part zine. (54388.) 

(15) Rich goid metal, showing the bar as cast, and the reduction of the same bar 
by rolling. (54375.) 

(16) Rich gold spinning metal, spun to shape without annealing. (54387.) 

(17) Rich gold metai tubing. (54389.) 

(18) Brass solder, used for brazing richer brasses and copper. Composition, one 
part copper to one of zinc, No. 0. (54379.) 

(19) Brass solder, No. 1. (54380. ) 

(20) Brass solder, No. 2. (54581. ) 

(21) Brass solder, No. 3. (54382. ) 

(22) Brass solder, No. 4. (54383.) 

(23) Brass solder, No. 5. (54384. ) 

(24) Brass solder, No. 6. (54385.) 

(25) Brass rods, for wire-drawing; shows a bar cast one-half inch by one-quarter 
inch, reduced, first by rolling and then drawing down, to one-eighth inch diameter. 
(54392. ) 

(26) Brass wire, fine. (54397.) 

(27) Brass wire, with a thread cut in it for making ‘‘cabled wire shoe-pegs.” 
(51212. ) 

(28) Dies, for wire-drawing. (54374.) 


A series of alloys manufactured by Messrs. Merchant & Company, of 
Philadelphia, includes a full series of Babbitt metals, solders, and a few 


other commercial alloys. 
Babbitt or anti-friction metals. 


(1) Genuine or copper hardening. , (6) Grade B,showing fracture. (54445.) 


(54455. ) | (7) Grade C. (54452.) 
(2) Genuine or copper hardening, show- | (8) Grade C,showing fracture. (54446. ) 
ing fracture. (54449.) | (9) Grade D.. (54453.) : 
(3) Grade A. (54450. ) | (10) Grade D, showing fracture. (54447.) 
(4) Grade A, showing fracture. (54444.) (11) Grade E. (54454.) 
(5) Grade B. (54451.) (12) Grade E, showing fracture. (54448.) 
Solder. 


(1) Composition, 40 parts tin, 60 parts lead. (54456.) 

(2) Composition, 80 parts tin, 100 parts lead. (54457.) 

(3) Composition, 90 parts tin, 100 parts lead. (54452. ) 

(4) M.F. Composition, 106 parts tin, 100 parts lead. (54459.) 

(5) Half and half, composition 100 parts tin, 100 parts lead. (54461.) 

(6) Capping, composition, 100 parts tin, 100 parts lead. (54462. ) 

(7) Triangular, composition, 80 parts tin, 100 parts lead. (54463. ) 

(8) Plumbers extra wiping, composition, 105 parts tin, 200 parts lead. (54465.) 
(9) Plumbers extra wiping, composition 125 parts tin, 200 parts lead. (54466.) 
(1) Stereotype metal. (54472.) 

(2) Bolster metal. Used for filling cutlery handles, ete. (54473.) 

(8) Copper. Used in the manufacture of alloys. (54476.) 

(4) Tin. Used in the manufacture of alloys. (54460.) 

(5) Antimony. Used in the manufacture of alloys. (54478.) 

(6) Lead. Used in the manufacture of alloys. (54464.) 

(7) Zine. Used in the manufacture of alloys. (54477.) 
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bronzes and brass. 
Babbitt or antifriction metals. 


(1) Grade XXX, genuine. (55640.) (6) Grade C.  (55645.) 
(2) Grade XX, copper hardening. (55641.) (7) Grade D.  (55646.) 

—*% (3) Grade X, copper hardening. (55642.) (8) Grade EB, (55647.) 
(4) Grade A. (55643. ) | (9) Grade F, (55642. ) 
(5) Grade B.  (55644.) 
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A series of alloys manufactured by Mr. Paul 8S. Reeves, Philadel- 
phia, Pennsylvania, includes a full series of Babbitt metals, some 


Bronzes. 


(1) Gun-metal bronze, composition nine parts copper, one part tin. (55649.) 

(2) Journal-metal bronze, composition seven parts copper, one part tin.  (55650.) 
(3) Roman bronze, for journal bearings. (55652. ) 

(4) Roman bronze, for pump rods, cog wheels, ete. (55653. ) 


Brass. 


(1) Composition three parts copper, one part zinc. (55651.) 

A special alloy made particularly for bearings and resistance to chem- 
b. ical fluids, containing copper, tin, and lead, and known as Ajax metal, 
is illustrated by two specimens, 50920 and 50921. 
; An alloy of tin and phosphorus for preparing phosphor bronze; 
, known as Scandia phosphor-tin, is illustrated by 44300. 


y TypPpE METAL. 


The manufacture of type and type metal is fully illustrated by a col- 
lection contributed by Messrs. MacKellar, Smiths & Jordan, of Phila- 
delphia, Pennsylvania; including the metals used, the different grades 
of type metals and the steps in the casting process. 


(1) Lead, for making type-metal alloy, (51214.) 

(2) Antimony, for making type-metal alloy. (51215.) 

(3) Tin, for making type-metal alloy. (51216.) 

(4) Copper, for making the matrix for casting the letter of the type. (51217.) 
(5) Seript type metal. (51218.) 

(6) Hard type metal. (51219.) 

(7) Soft type metal. (51220.) 

(8) Electrotype metal. 51221.) 

(9) Die, for forming the letter in the matrix. (51222.) 

(10) Matrix, with the letter punched in it. (51223.) 
(11) Matrix, justified, ready to be used to cast the letter of the type. (51224.) 
(12) Type, as cast, two specimens. (51225.) 

(13) Finished type, a series of m in seventeen sizes. (51226.) 


(14) Defective and refuse type. (51227.) 
- (15) Ringtail mold and ladle, as used in casting type by hand over 100 years ago. 
(51228. ) 
, (16) Improved lever mold, for casting by hand, introduced 1811. (51229.) 
(17) Machine mold, being the casting part of the intricate machine used at pres- 


ent in casting type. Au American invention introduced in 1843, and since greatly 
improved. (51230.) 
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PIN-PLADE: 


Welsh tin plates of many grades are illustrated by a full series, pre- 
sented by Messrs. Merchant & Co., Philadelphia, Pennsylvania. 


(1) Plate, prepared for coating. 1C., 20 by 28 inches. (54492.) 

(2) Bright steel, used for the finest ware work, where it is not necessary to retin, 
it takes a fine polish ; the body of the plate is of high grade, open hearth steel, and 
the coating of tin the thickest possible. Highest grade. Spencer,1C., 20 by 28 
inches. (54479.) 

(3) Bright steel, used for the finest tinware work. Very high grade. Spencer 1, 
XXXxX, 14 by 20 inches. (54481.) 

(4) Steel, with only a fair coating ; used for tinware of a cheaper grade. Common 
quality. Raven, 1C., 14 by 20 inches. (54485.) 

(5) Bright steel, a good quality of steel plate, with the thinnest coating of tin 
possible. Hexham, rx, 10 by 14inches. (54486.) 

(6) Bright charcoal, made in all sizes and weights. High grade. Daffen, 1 C., 14 
by 20 inches. (54489.) 

(7) Bright charcoal, a special size and thickness for certain kinds of heavy tin- 
ware. High grade. Killey, D., xxxx, 124 by 17 inches. (54482.) 

(8) Bright charcoal, used for tinware. Good quality. E. C. C., rx, 10 by 14 
inches. (54483.) 

(9) Bright charcoal, used for tinware of the commonest kinds. Common grade. 
Vole, xx, 12 by 12 inches. 54484.) 

(10) Bright coke, superior to many charcoal plates; used largely for salmon pack- 
ing. Highest grade coke plate. Old Caster, 1 C., 12 by 24 inches. (54487.) 

(11) Bright coke, with the thinnest coating of tin possible; used largely for tin- 
ning and canning. Stick, 1 C., 14 by 20 inches. (54488.) 

(12) Steel terne or leaded, for roofing purposes; a box of 1 C., 20 by 28 inches, con- 
tains 36 pounds of tin and lead coating on a high grade, open hearth steel. It will 
stand very severe tests and requires no painting. Highest grade of roofing plate. 
Gilbertson’s Old Method, 1 C., 20 by 28 inches. (54493.) 

(13) Steel terne or leaded, for roofing purposes. The body of this plate is of high 


grade, open hearth steel; it is considered one of the best plates for roofing, and — 


stands very severe tests. High grade plate. Camaret, 1C., 20 by 28 inches. (54495.) 

(14) Steel terne or leaded, for rooting purposes; showing various tests of the 
quality of the metal. Camaret, rx, 20 by 28 inches. (54496.) 

(15) Terne or leaded, for roofing purposes; heavily coated plate, formerly used 
extensively. M.F., 1C., 20 by 28 inches. (54494.) 

(16) Terne or leaded, for roofing purposes. A standard brand for roofing. Gil- 
bertson’s (ordinary), 1C., 20 by 28 inches. (54498. ) 

(17) Charcoal terne or leaded, for roofing purposes. A standard brand for roofing, 
Melyn, 1C., 14 by 20 inches. (54497.) 

(18) Terne or leaded, for roofing purposes. Good qaality for roofing. Alyn, 1C., 
20 by 28 inches. (54499. ) 

(19) Waster, bright charcoal, a defective sheet, the defects are blisters, holes, 
untinned spots, crooked sheets, etc. (54489.) 

(20) Thin, used extensively for tin boxes for mailing purposes. Taggers tin, 38 
gauge, 10 by 14 inches. (54491.) 

(21) Thin iron plate, used extensively for boxes for mailing purposes. Taggers 
iron, 38 gauge, 10 by 14inches. (54490.) 
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SULPHUR... 
SULPHUR MINERALS. 
SULPHUR. 


Composition: 8S. Pure sulphur, frequently containing clay and ear- 
bonaceous matters. 
It erystallizes in the orthorhombic system, showing especially a large 
variety of octahedral planes, crystals often complex and frequently 
twinned. It also occurs massive and in layers.. It varies in hardness 
from 1.5 to 2.5 and the specifie gravity is 2.072. It has a characteristic 
yellow color, but is sometimes reddish or greenish. It is transparent 
to translucent, and is sectile. 

It is found in all voleanie regions, but especially on the Island of 
Sicily. Large deposits of it are known in Utah and Nevada. A single 
specimen is shown: 






(1) Crystals on massive. Rabbit Hele Mine, Humboldt County, Nevada. 
(15455. ) 

The sulphide of iron, pyrite, and the sulphide of zinc, blende, the 
sulphur of which is sometimes utilized for the manufacture of sulphuric 
acid, have been described under iron and zine minerals. 


SULPHUR ORES. 


Sulphur is found in nature, free, combined directly with various met- 
als, and in oxidized compounds, of these the latter can not be used as a 
source of sulphur. Of the sulphides, only the bisulphide of iron, pyrite, 
and the sulphide of zinc, blende, have been utilized for their sulphur, 
and the latter only in connection with roasting the blende to remove 
the sulphur previous to smelting for zinc. Practically the only sources 
of sulphur are free sulphur and iron pyrite. 

Free sulphur is found in all voleanie regions, but a very large portion 
of the world’s supply is drawn from the Island of Sicily. It is found 
in large amounts in our Western country, but too far from transporta- 
tion to beutilized. Iron pyrite is a very common mineral, but large de- 
posits free enough from arsenic, to be used, are not common. Two or 
three mines, however, in this country produce large amounts of pyrite 
which are used for acid-making. When, as is quite frequent, pyrite 
contains a small amount of copper, the sulphur is sometimes utilized, 
and then the copper is extracted. 

Almost the sole use of sulphur is for the mannfacture of sulphuric 
acid. For this purpose the sulphur is burned to sulphurous acid 
(SO,) on a grate, and then conducted with a slight excess of air into 
large lead chambers and mixed with steam and nitrous fumes, where 
the sulphurous acid (SO,) is oxidized to sulphuric anhydride (SOs) 


/ 
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and immediately takes on water and forms sulphurie acid (H,SO,) 
This chamber acid contains a large excess of water which must be 
evaporated to produce the strong acid or oil of vitriol. The process is 
practically the same whether sulphur or pyrite is used, except that in 
the latter case there is a large residue of oxide of iron left in the fur- 
nace after the combustion of the sulphur. Five characteristic specimens 
of pyrite are shown : 


(1) Iron pyrite, containing, chalcopyrite, blende, and quartz. Coarse ore. Char- 
lemont Mine, Franklin County, Massachusetts. (54144.) 

(2) Iron pyrite, fine ore. Charlemont Mine, Franklin County, Massachusetts. 
(54145. ) 

(3) Iron pyrite, containing about 50 per cent. of sulphur. Granular ore. Arminius 
Sulphur and Copper Mine, Tolersville, Louisa County, Virginia. (54239.) 

(4) Iron pyrite, containing about 50 per cent.of sulphur. Lump ore. Arminius 
Sulphur and Copper Mine, Tolersville, Louisa County, Virginia. (54242.) 

(5) Iron pyrite with chalcopyrite, contains about 50 per cent. of sulphur. Lump 
ore. Arminius Sulphur and Copper Mine, Tolersville, Louisa County, Virginia. 
(54241.) 

The Arminius ores show on analysis: 





Per cent.| Per cent. 
PSSM ACR Tes) ete et ele al eee 49,27 51. 649 
Eronn((Fe)\c. Seccstcs cere eecek ene caseeteeece riscse as oseite seek cade mse eee se eee 43. 62 46. 87 
Copperi(Ca) ese = ee tans eateceee moma  abehetate steadier, serase pane oe eit Ciel einem teerate ete 1.50 0. 200 
FANG (ZL) cen ceksstccctace cos ceeces sue ca saa see seos capes soe ce meeseecebetescecee nes 0. 038 
Time: (CAO): i ase se tects skweciamia sea wees ce eewe aw enews esis ese Gee pe Ree einem eeian eee 0. 982 
IVA ONES 9 (NUS O) See e mena eae eine eee eee ears eee eee sta et late efeeeee eeeer ars 0.338 
Arsenicd(As) pac: cces cocencaccecas eee ecemeebon se see cer cosicn= nen s ae essere rece None. None. 
Silioa:(SiO;) sce 5 on. see cc asenencseeeice + stens cette seems ceenenit eset ccneteneac meteors 4,23 1. 278 
Oxyrom(O)ws ces seo ee eee Lhe Se enh eats SRE ake ne nae to Se RR 0.018 

100. 00 99. 997 








THE MANUFACTURE OF SULPHURIC ACID FROM IRON PYRITE. 


This process is illustrated by acollection from the Merrimac Chemical 
Works, Boston, Massachusetts. 


Ore. 


(1) Iron pyrite, containing a little quartz and calcite. Lump ore. Davis Mine, 
Charlemont, Franklin County, Massachusetts. (55457.) 

(2) Iron pyrite, granular ore. Davis Mine, Charlemont, Franklin County, Massa- 
chusetts. (55458. ) 

(3) Roasted, the residue remaining after the sulphur has been burned off from the © 
Davis ore, contains about one and one-quarter per cent. of copper. (55459.) 


Products. 


(1) Chamber acid, dilute sulphuric acid made from Davis ores. (55460.) 
(2) Oil of vitriol, or concentrated chamber acid, made partly from the Davis ore and 
partly from brimstone. (55461.) 





ae 
® 


ES ee ee re ee ae ere 


a ee eee 


COLLECTIONS IN ECONOMIC GEOLOGY AND METALLURGY. 203 


GRINDING AND POLISHING MATERIALS. 


Under this head are included the naturally occurring materials which 
are used for cutting, abraiding, grinding, and polishing in all its forms, 
such as grinding to remove superfluous material, to get a proper form 
or to give an edge, and polishing to give a suitable finish. Tor this 
purpose itis essential that the material shall be hard, and have a sharp 
cutting edge when broken into small pieces. This cutting edge deter- 
mines the value of the material. These conditions being mainly phys- 
ical a number of otherwise widely different minerals are used, and 
generally only certain varieties of a mineral, Thus, while quartz in the 
form of compact crystals, which break with a sharp edge, is a very 
good material, yet quartz in the form of a fine sand of rounded particles 
has almost no value. 

The principal minerals used for this purpose are corundum and its 
impure form emery, several varieties of quartz and garnet, while other 
minerals are occasionally used. Of these corundum is by far the best, 
both on account of its hardness and sharp cutting edge. Some varie- 
ties of glassy quartz have such sharp edges when broken that they are 
very effective. Besides distinct minerals, several varieties of rocks are 
used, such as pumice stone, which is a voleanic feldspathie rock, and 
rotten stone, which is a very much decomposed rock, 


CORUNDUM. 


(1) Rough crystals, with a little damourite. Cobb Connty, Georgia. (56340.) 
(2) Massive, with damourite. Lucas Mine, Rabun County, Georgia. (56356.) 
(3) Coarse sand. Carter’s Mine, Madison County, North Carolina. (56311.) 


The Georgia lump corandum and the commercial sizes ground from 
it are represented by twelve specimens from the Union Stone Com- 
pany, of Boston, Massachusetts. 


(1) Lump ore. (55886. ) (7) Ground, size 54. (55871.) 
(2) Ground, size 18. (55876.) (8) Ground, size 60, (55870.) 
(3) Ground, size 20. (56875.) (9) Ground, size 70. (55869.) 
(4) Ground, size 24. (55874.) (10) Ground, size 80. (55868.) 
(5) Ground, size 30. (55873.) (11) Ground, size 100. (55867.) 
(6) Ground, size 40. (55872.) (12) Ground, size 120. (55866.) 


EMERY. 


Emery is an impure and softer form of corundum, and is of inferior 
quality tor grinding. 
Ore. 
(1) Corundum, magnetite, margarite and chlorite, rough crystals. Sackett Mine, 


Chester, Hampden County, Massachusetts. Two specimens. (4676.) 
(2) Gronnd, four grades; separated from the Chester ores. (18186) An average 
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sample of these four sizes, analyzed by Mr. J. A. Allen in the laboratory of the depart- 
ment, gave: 





Per cent. 

Water (CH5O) i= tte cies cop ese sos ne nicle Ate ae ne ae 1.35 
Silieas(SiOs) & iS8 Be ee ae 1 ee oe eee Sua 
Amin a Ads Osi) Ser ereeias evo or 2 2 ery See oie yee ema ee 56. 15 
TPitantiewevaiGbi On) Se sens eae tees ee eo eee 4.75 
Sesq uioxide of iron (I'e,03) .-.=-. ------ eo PE 19, 82 
Protoxideror Irony (Ch GO \t.= 4 322 See eee ee 9.17 
Oxide/ofimanganese (Mii). 2 siya ee ee ee 0. 33 
InimeniCa@) at. a2 t tee: BS ees eee ere eae Se eS Ses 0.14 
Magnesiai(M¢ QO)... -:.daesseniee es sac nee a eee eee 2ela. 
99, 42 


Turkey emery and the commercial sizes ground from it, are repre- 
sented by twenty-three specimens from the Union Stone Company, Bos- 
ton, Massachusetts. 





(1) Lump, two specimens. (55885.) (13) Ground, size 54. (55854.) 
(2) Ground, size 10. (55865.) (14) Ground, size 60. (55853. ) 
(3) Ground, size 12. (55864.) (15) Ground, size 70. (55852. ) 
(4) Ground, s‘ze 14. (55863.) (16) Ground, size 80. (55851.) 
(5) Ground, size 16. (55862.) (17) Ground, size 90. (55850.) 
(6) Ground, size 18. (55861.) (18) Ground, size 100. (55849.) 
(7) Ground, size 20. (55860.) . (19) Ground, size 120. (55845.) 
(8) Ground, size 24. (55859. ) (20) Ground, size F. (55847.) 
(9) Ground, size 30. (55858.) | (21) Ground, size 2F. (55846.) 
(10) Ground, size 36. (55857.) | (22) Ground, size 3F. (55845.) 
(11) Ground, size 40. (55856. ) | (23) Ground, size 4F. (55844.) 
(12) Ground, size 46. : 5855. ) 
QUARTZ. 


Massive quartz from North Carolina and the commercial sizes ground 
from it, are represented by nine specimens from the Union Stone Com- 
pany, Boston, Massachusetts. 


(1) Lump. (55887.) (6) Ground, size 14. (55879.) 
(2) Ground, size 4. (55883.) (7) Ground, size 1. (55878.) 
(3) Ground, size 3. (558 a ) (8) Ground, size 4. (55877.) 
(4) Ground, size 24. (55881.) | (9) Ground, size 0. (55884.) 
(5; Ground, size 2. (55880. ) | 

TRIPOLI. 


Tripoli consists of the siliceous shells of diatoms, and is therefore classed 
with quartz. It often forms thick deposits of sand which have simply 
to be washed to prepare it for a polishing powder. Large amounts of 
it are used for this purpose. 


(1) Crude, from the mines of the St. | (2) Prepared. (55029.) 
Louis Tripoli Company, Missouri. (3) Prepared. (51231.) 
Two specimens. (55028.) (4) Prepared. (512382.) 
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‘A series of pumice stones and related products from the works of 
Messrs. R. J. Waddell & Oo., New York, shows: 


(1) Pumice stone, lump. (54151. ) 

(2) Pumice stone, flour, ground and bolted, (54154. ) 
(3) Pumice stone, No. 1, ground and bolted, (54155.) 
(4) Pumice stone, No.0, ground and bolted. (54156. ) 
(5) Rotten stone, lump. (54150.) 

(6) Rotten stone, ground and bolted, (54 153. ) 

(7) Putty powder, first quality. (54149.) 

(8) Scotch hone, rough. (54146. ) 

(9) Scotch hone, trimmed. (54147.) 
(10) Scotch hone, slip. (54148. ) 


Two specimens of garnet are shown: 


(1) Rough erystal. Burke County, North Carolina, (56322.) 
(2) Crushed. Burke County, North Carolina. (66583. ) 


MANUFACTURE OF SANDPAPER. 


The collection illustrating the process of manufacturing sandpaper 
was presented by Messrs. Baeder, Adamson & Co., Philadelphia, Penn- 
sylvania, and shows all the materials for making the paper, a full series 
of the lump and ground abrading materials, and a series of the sand and 
emery paper produced. 

(1) Manilla rope, used for mannfacturing the paper. (55239.) 


(2) Paper pulp, manilla rope beaten into pulp, ready to be made into paper 
(55240. ) 

(3) Manilla paper, made from rope, ready for the flint or emery. (55241.) 

(4) Glue stock, pieces of hide from which glue is made. (55237.) 

(5) Glue, made from hide; used for fastening the flint and emery to the paper. 


(55238. ) 
Flint rock or quartz. 


(1) To be ground and glued on to the paper; from Maine. (55243.) 
(2) From Pennsylvania. (55244. ) 
Ground, ready to be glued on to the paper: 


(3) Size 00. (55253. ) | (7) Size 14. (55257.) 
(4) Size 0. (55254.) | (8) Size 2. (55258.) 
(5) Size 4. (55255.) | (9) Size 24. (55259.) 
(6) Size 1. (55256. ) (10) Size 3. (55260.) 


An average sample of these sizes, analyzed in the labratory of the Department, 
by Mr. J. A. Allen, gave— 


Per cent. 


OR Cea) oan ttm oben xwen an gacesbinnsa ake aiGnnen = ese: 99, 00 
Alumina (Al,03) ..-. «------- <= --20 soos e-eres saenesssenee 0.50 
Sesquioxide of iron (FreyOs) ..---- 2-2-2 ene neeeesness tees 0.31 
Tmo (CaO). << on- -aenne none enncep semen = enrseresnaticens 0.12 
Magnesia (MgO) ...--- -------- serene es serrnstereeecnes 0,16 


(1) Flint paper, a roll as made and ready to be cut into sheets; the flint or quartz 
has been fastened on to the manilla paper by the glue. (55262.) 

(2) Flint paper, a series of eight sheets, showing the different sizes of ground flint 
nsed. The sheets are one-fourth the regular size. (55264.) 
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Emery stone. 


(1) To be ground and glued on to the paper; from Turkey. Two specimens, 
(55242. ) 
Ground, ready to be glued on to the paper: 


(2) Size 00. 55245.) (6) Size 14. (55249.) 
(3) Size 0. (55246.) (7) Size 2. (55250.) 
(4) Size #. (55247.) (8) Size 24. (55251.) 
(5) Size 1. (55248.) (9) Size 3. 55252.) 


An average sample of these sizes, analyzed in the laboratory of the Department, 
by Mr. J. A. Allen, gave— 


Per cent. 

NVisben GE: ©) meme. eee ee ae See seca eco: 3. 60 
Silica(S1O3 )seeaee cee see ee Sal ee see nea ace 10. 69 
Alaminga: CAILOs) cai cece es tewte oc nyeecie aie ete ears eee 58. 98 
Titanic acid (TiOg) 52 ose cscn cose saeeiseee sa eecee reece e | nea 
Sesquioxiderof iron!(Hie,05) masenee eee ease eee 10. 57 
Protoxideofiron (@eO) tease essere sae ee ee eee ee 11. 89 
Oxide of manganese (MnO)...--.....----- Eran SISAL 0. 32 
hime (CaQ) <2cess cece cee eccre seas PoeO ee eee ere ene 0.91 
Marnesiay (MoO) i eeceninsccseenacs ean a ee eet eee =e 0563 
100. 38 


(1) Emery paper, a roll as made and ready to be cut in to sheets; the emery has 
been fastened on to the manilla paper by the glue, (55261.) 

(2) Emery paper, a series of eight sheets, showing the different sizes of ground 
emery used. The sheets are one-fourth the regular size, (55263.) 


ASBESTOS. 


Asbestos is a natural mineral fiber, incombustible and infusible at 
ordinary high temperatures. It finds wide application where resistance 
to high temperature is required. Thers are three minerals which oc- 
cur in a fibrous form possessing the required characters; these are pyr- 
oxene, hornbiende, and serpentine. Pyroxene and hornblende are 
essentially of the same chemical composition, being complex anhydrous 
bisilicates, containing alumina, iron, and magnesia. The fibrous varieties, 
however, generally contain little or no alumina, the average composi- 
tion being, about, silica 55 per cent., protoxide of iron 12 per cent., and 
magnesia from 26 to 30 per cent. 

Itis very difficult, and in many cases impossible, to distinguish be- 
tween pyroxene and hornblendein the fibrous state, since the difference 
between the two minerals is mainly in the habit of crystallization, and 
this is not shown by the fibers. It is only by association that they can 
be distinguished. In the collection no attempt has been made to sepa- 
rate the two minerals, since the specimens are entirely removed from 
all their associates. Hornblende is much more common in the fibrous 
form, and this name has been given to all the specimens except the 
serpentine. 


Serpentine is ahydrated unisilicate of magnesia, containing silica 43.5 
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per cent., magnesia 45.5 per cent., and water 13 per cent. The fibrous 
variety is called chrysotile. 

The name asbestos comes from the Greek for incombustible, since its 
resistance to heat isa marked characteristic of the material. It was also 
called amianthus, meaning undefiled, by the ancients, for the reason 
that cloth made from it could be cleaned by putting it into a moderate 
fire. The value of asbestos for practical uses depends upon its fiber, 
its infusibility, and its nonconducting power. 

The highest grade hornblende asbestos comes from about 80 miles 
north of Milan in Italy. It oceurs here in beds and pockets of light- 
gray and brown bundles of parallel fibers, firmly bound together, but 
single strands may be separated many yards in length, while it is very 
soft and greasy to the touch. This long, soft, silky fiber and its chem- 
ical purity give the Italian fiber its superiority. 

Large amounts of chrysotile asbestos are mined in Canada in and about 
Thetford, Province of Quebec. It occurs as fibrous streaks or layers 
in compact serpentine. It seldom yields fibers over 7 inches long, but 
the shorter fibers are much more silky and therefore of better quality. 
For the manufacture of cloth this chrysotile asbestos is superior from 
the fact that the separated fibers cling together and form a mass like 
wool. 

These two localities produce nearly all the first-class asbestos. The 
poorer grades of asbestos are quite abundant in many localities. 
They are poorer because the fiber is either short or hard or the material 
is impure, a very common impurity being oxides of iron, which give the 
material an undesirable color. 

Asbestos, both hornblende and chrysotile, from a large number of 
localities is shown by a collection presented by the H. W. Johns Com- 
pany, of New York. 


Chrysotile. 
(1) Vermont  (50398.) (2) New Hampshire. (50914.) 
Hornblende. 
(1) Massachusetts. (50909.) (18) Georgia. (50873.) 
(2) Massachusetts, (50910. ) (19) Alabama. (50903.) 
(3) Connecticut. (50912.) (20) Tennessee. (50905.) 
(4) New York. (50867. ) (21) Iowa. (50915. ) 
(5) New York. (50868. ) 22) Wisconsin. (50906. ) 
(6) New York. (50869.) (23) Utah. (50907,) 
(7) New York, (50870.) (24) Utah. (50908.) 
(8) New York. (50871.) (25) Dakota. (50916.) 
(9) Pennsylvania, (50595.) 26) Dakota. (50917.) 
(10) Pennsylvania. (50896. ) (27) Nevada. (50885.) 
(11) Pennsylvania. (50897.) (28) Colorado. (50878.) 
(12) Maryland. (50891.) (29) Colorado. (50879.) 
(13) Maryland. (50892. ) (30) Colorado, (50880.) 


(14) Virginia. (50872.) (31) California. (50#99.) 
(15) North Carolina. (50876.) | (32) Canada, (50886. ) 
(16) South Carolina. (50874,) (33) Canada. (50887.) 
(17) South Carolina. (50875. ) , (34) Canada. (50890.) 
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Chrysotile. 
(1) Canada, (50888.) . | (2) Canada. (50889.) 
Hornblende. 
(1) Manitoba. (50904.) (3) Newfoundland. (50919.) 
(2) Nova Scotia. (50911.) (4) Victoria, B. C. (50902.) 


Mountain cork (Hornblende). 


(1) Venezuela. (50884.) 


Hornblende. 
(1) Australia. (50893. ) (6) Spain. (50913.) 
(2) Tasmania. (50918.) (7) Italy. (50894. ) 
(3) France. (50881.) (8) Smyrna. (50901.) 
(4) France. (50882.) (9) China. (50900. ) 
(5) France. (50883.) (10) Transvaal, South Africa. (50877.) 


APPLICATION OF ASBESTOS. 


In the account which Marco Polo gives of his travels he mentions an 
incombustible cloth which he saw in China. It was said to have been 
made from the hide of the salamander, but he found it to be asbestos, 
and he describes its manufacture. The Greeks made asbestos cloth, 
and it is supposed used it in the cremation of their dead to keep the 
ashes of the body separate. In modern days the most frequent use of 
asbestos is for the packing of steam joints, especially where high pres- 
sures are used. Tor this purpose it is made into paper or mill board, 
one thirty-second to one-half an inch thick, from which gaskets ean 
be cut as desired, and into yarn or rope of various sizes and shapes 
to suit individual cases, and into special gaskets. 

The very best quality is spun into thread and small-sized yarn, which 
can be woven into cloth for a variety of purposes, for filters, especially 
for corrosive fluids; for drop curtains for theaters; for clothes, especially 
gloves, for furnace men and firemen; for ladders and ropes for fire es- 
capes; in fact, for any use exposed to heat. The poorer qualities are 
used as the basis of fireproof paint, for making nonconducting covering 
for steam boilers and pipes, for fireproof cement, and various other pur- 
poses. 

The preparation and uses of asbestos are fully illustrated by a collec- 
tion presented by the H. W. Johns Company, New York. 


Chrysolite. 
(1) Crude. (50859.) 2 (3) Carded. (50861.) 
(2) Fibered.  (50860.) (4) Ground. (50862.) 
Hornblende. 
(1) Fibered. (50863. ) (8) Fibered. (50865. ) 
(2) Fibered. (50864.) (4) Ground, (50866. ) 
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Products. 


(1, Paper, four specimens. (50842. ) 

(2) Mill board, or flat packing. Seven 
specimens, one-thirty-second to 
one-half inch thick, (50838, ) 

(3) Piston packing, round. Seven spec- 
imens, (50841. ) 

(4) Wick packing. (50844. ) 

(5) Gaskets, four specimens. (50839. ) 

(6) Asbestos and rubber steam packing, 


(15) Cord, soft, dyed 
(50836. ) 


several colors. 


(16) Print roller cloth. (50853.) 
| (17) Cloth, for theater curtains, ete. 
(50851, ) 
(18) Locomotive lagging, nonconduet- 


ing. (50835. ) 
| (19) Lining felt, noncondunetin £. 


(50837. ) 


six specimens. (50840.) (20) Lagging, air chamber, nonconduet- 
(7) Building felt. (50855.) ing. (50850.) 
(8) Roofing felt. (50852. ) (21) Nonconducting cover for steam 


(9) Sheathing. 
(10) Thread. 


(50843. ) 
(50849. ) | 


pipes, boilers, ete. 
(22) Retort cement. 


(50854. ) 
(50852. ) 


(11) Thread. (50548. ) (23) Plastic stove lining. (50857.) 

(12) Yarn. (50847. ) | (24) Cement felting, for covering steam 
(13) Twine. (50846. ) pipes, boilers, ete. (50856. ) 

(14) Cord. (50845.) 


PHOSPHATES. 
PHOSPHATE MINERAL. 
APATITE. 


Compositions: 3Ca; P.O, + CaCl, or 30a;P,0,4+ Cak,. Phosphate 
of lime, with chloride or fluoride of calcium, containing phosphorie 
acid 41 to 42.25 per cent., lime 53.8 to 55.55 per cent., and chlorine 6.82 
per cent. or fluorine 3.77 per cent., chlorine and fluorine mutually re- 
placing each other. 

Iterystallizes in the hexagonal system, showing especially prismatic 
and pyramidal planes, crystals often being highly modified. It also 
occurs fibrous, columnar, and granular massive. It varies in hardness 
from 4.5t0 5 and in specific gravity from 2.92 to 3.25. The common 
color is some shade of green, but many colors are found, and oceasion- 
ally itis white. It is transparant to opaque and has a vitreous luster, 

Apatite 1s the chief constitutent of nearly all the native phosphates 
which oceur in sufficient amounts to be mined for their phosporie acid. 
A single specimen of crystallized apatite is shown here; others will be 
found with the phosphate ores. 

(1) Crystal. Templeton, Canada, 


(66572, ) 


PHOSPHATE ORES. 


Itis somewhat difficult to classify the native phosphates, since the 
several varieties graduate into each other and depend for the most 
part upon the physical condition and purity of the material. Mineral 
phosphates are generally quite pure, while rock phosphates are impure 


and run down to very low percentages of phosphate, asin the case of 
9110—No, 42 14 
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marls, which generally find only local application. Under mineral 
phosphates we have the crystalline varieties or apatites and the foliated 
amorphous varieties or phosphorites. Under rock phosphates we have 
various nodular varieties, as the river phosphates of South Carolina, 
phosphatic limestones, guanos, and bone deposits. 

Besides these phosphates ot lime there are two, known as Redonda 
and Alta Veta phosphates, which are phosphates of iron and alumina. 

The principal application of phosphates is for the manufacture of fer- 
tilizers, for which purpose they are sometimes simply ground very fine 
and applied directly to the land, but it is more frequent to treat them 
with sulphuric acid in order to render the phosphoric acid more easily 
available to vegetation. Besides the native phosphates, the highly 
phosphatic slag produced in the basie steel process is generally used 
for a fertilizer. It is simply ground very fine for use. 

The native phosphates of lime used in the manufacture of fertilizers 
are illustrated by a series of mineral phosphates, apatites, and phos- 
phorites; a series of the river phosphates of North and South Carolina; 
and three guanos. To these are added a sample of basic slag ground 
very fine. 

APATITES. 

Apatite occurs in a variety of rocks, but especially in crystalline 
limestone and granitic rocks, and in metallic veins. While it is a 
mineral of very common occurrence, yet large deposits of it have been 
found in only three countries, Canada, Norway, and Spain. Seven 
characteristic specimens of apatite are shown: 


(1) Rough erystals. North Burgess, Ontario, Canada. (30735.) 

(2) Massive, three characteristic specimens. North Burgess, Ontario, Canada. 
(30754. ) 

(3) Massive. High Rock Mine, Buckingham, Province of Quebec, Canada; 100 feet 
deep. (64012. ) 

(4) Massive. High Rock Mine, Buckingham, Province of Quebec, Canada; 120 
feet deep. (64013.) 

(5) Massive. Canada (44278), of the following composition : 


| Per cent. | Per cent. 


Moisture ati2l2°) (HO) 2-e-. seamen eee s a/mse slate wie ols Hate sve secens city ee oeoe temas 0. 60 | 0. 66 





Water orcompination (i. 0))jsacice oe ace eee eae ce ee eee ene Cee eee 0. 59 | 0.13 
Phosphoric acid* (P,0;) ------------ ee ee ee ee See ee tt eh ADEE Eo 38.37 37. 52 
TAME (CaO) ss sse ks. dee ace Nastise ss oes eens de Seek Dee ice lant Sere mers eae 49. 84 | 52. 23 
Oxide of iron and alumina (FeAl, \ Og) J25e6 ce cneenes Less ence anctamcceme secleatenees 1.14 | ) 

Macnesia, ete. not determineds( MeO) iis. oceans nies sea ee ea = eee 6, 54 \ Wes 
Carbonicracid t(COs) Sas acccses orn waar ee are wa dtctawistetalt ote no nee ee een eeee 0. 64 J 

Insoluble’matber oc) .t tones. sabe odes soc evaownna eee atet eee cee eee eee 2, 28 | 2.09 





= ee eee 
@100. 00 6100. 00 


* Equal to tribasic phosphate of Jime, 83.76 and 81.91 per cent. 
} Equal to carbonate of lime, 1.45 per cent. 

a Analyst, G. H. Ogston. 

bAnalyst, Dr. Augustus Voelcker. 





a 


a 


| 
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(6) Massive. Norway. (65122.) 
(7) Massive. Zarza Mine, Spain (44276), of the following composition: 


| Per cent. | Per cent. 


SII MEANS CEMMLID cig a co nae dat dntummanemetbatan doe, was cee ecacon sceneco<..... 0.18 0.10 
Ramen eeranbtomnannl (EO), ccc ae couksdanuauhusedeedses veecse- tds sacoc....... 0. 03 
epee MUN CERO) 551g hua adageecuae eetet vember olsk cb vedececlnnvit lc. cc: | 88,18 38. 05 
PR ae tiaks Rudi winaw cus Chg Gi ugaWe sad 7dapeuh hxwaani ceaceaumar «.,6<e0'scone. 50. 57 
Oxide of iron and alumina ((FeAly)Og) .......2-220.eceeeeeceeceeccceccececcecees cn. | 0. 30 
Magnesia,ete., not determined COULD heart ete tele com i nla Jatenca ees che cn. > $61} 
REDONUS ANU COR) fa sceneries Sea eee sain tect aa eaak ks J 0.15 
SIE MMII eine cnn Wewre 2 Mead ene ne oe Se soso ecenk ec. 7. 48 

“100.00 (b) 


a Analysts, Augustus Voeleker & Sons. 
b Analyst, D. A. Gilbert. 
*Equal to tribasic phosphate of lime, 83.35 and 83.07 per cent. 


PHOSPHORITES., 


Phosphorites differ mainly from apatites in their physical condition, 
and include the varieties of phosphate of lime which are not distinetly 
crystallized or crystalline. They are generally nodular and fibrous, but 
are sometimes earthy. The principal deposits are in Germany, France, 
and Spain. A single characteristic specimen of phosphorite is shown 
from Logrosan, Spain (44277), of the following composition : 


Per cent. 


we OIaMminey iti rhe (ECO) oe 85 Oho. s debb lok ce oe <o4 0. 35 
Ree SI Ene o.oo ke ee or 36. 45 
MUM ERB Fore Se cere ok ee ra ee ee 49. 40 
Alumina, magnesia, etc., not determined .............. 3.50 


MUsGlib Is makin ie. sou Beek dei ee let Base 10. 30 


100, 00 
Analysts, Teschemacker & Smith. 


ROCK PHOSPHATES. 


These differ from the mineral phosphates in being impure and oceur- 
ring in relatively large masses, On this account they can be mined 
cheaper, and therefore do not ueed to be so pure andrich as the mineral 
phosphates, 


RIVER PHOSPHATES. 


River phosphates consist of nodules of Varying size and shape, either 
free or cemented together, of a more or less impure phosphate of lime. 
The principal locality is in or near the rivers in the southern part of 
South Carolina, whence the name “ River phosphates ;” they are also 
found in North Carolina, Alabama, Mlorida, and England, Franee, Bel- 


“Equal to tribasic phosphate of lime, 79.57 per cent. 
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gium, and Russia. River phosphates are by far the most important of 
the native phosphates. 

The South Carolina phosphates vary in composition from 25 to 28 per 
cent. phosphoric acid, 35 to42 per cent. lime, 2.5 to 5 per cent. carbonic 
acid, and 4 to 12 per cent. sand. 

Ten specimens show the varying character of the river phosphates. 

(1) Ashley River, South Carolina. (34328.) 

(2) Middleton’s Place, Ashley River, South Carolina. (34327.) 

(3) Stono River, South Carolina. (34326.) 

(4) Cohis Place, Cooper River, South Carolina. (34316.) 

(5) Bull River, South Carolina. (34321.) 

(6) Bull River, South Carolina. (34322. 

(7) Bull River, South Carolina. (343235.) 

(8) Cast of a Venus shell Cocsaw River, South Carolina. (34318. ) 

(9) Vertebra. Coosaw River, South Carolina. (34317.) 

(10) Two characteristic specimens. New Hanover County, North Carolina. 
(44245. ) 
PHOSPHATIC LIMESTONE. 


Phosphatic limestones are simply limestones containing more or less 
phosphate of lime. At present they are not utilized to any extent, and 
are mainly interesting as being the probable source of the richness of 
some soils. They are not illustrated in the collection. 


GUANOS. 


Guanos consist, essentially, of the excrement of birds. They are 
found mostly on small islands where birds are plentiful, especially on 
the islands of the Pacific and the West India [slands, although limited 
deposits are found on the large islands and the continents. The orig- 
inal deposits contain much soluble material, and sometimes this has 
been washed out by both sea and rain water, giving a leached guano. 

The original or unieached guanos are found principally on the 
islands otf the coasts of Peru and Bolivia, and are frequently known 
as Peruvian guano. They contain from 1 to 20 per cent. of nitrogen, 
10 to 50 per cent. phosphate of lime, 1 to 6 per cent. potash, and 10 to 
30 per cent. of water, forming a very valuable fertilizer. They are 
generally used without any chemical treatment, being simply ground. 
A single specimen is shown here: 

(1) From the top of Little Bird Rock, Gulf of St. Lawrence. July 9, 1887. 
(66580. ) 

Leached guanos are the insoluble portions of the original guano. 
They consist of sandy phosphate containing nodules, varying from 
loosely coherent to quite solid masses, and are also quite variable in 
composition. They are found on islands near the equator in the Pacific 
Ocean, and on many of the West India Islands, the most noted being 
the Navassa and Sombrero Islands. 


Be en 
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Three specimens illustrate the leached guanos : 


(1) Sombrero, British West India Islands (44275), of the following composition : 


Per cent. Per cent. 


TART N RG O10 CERES oa dain end can coc dn ADEANbe cumewad <mAnoneags cawesnvscscoce 2. 76 3. 55 
MERE Or MORI UMIROION  ieO). sou vote oxen dpe dhawkpaneue ehwaacencdenecet tecennaceuse 2.72 1.85 
Phosphoric acid * (PsO5) ....---...-..-.-<- Liana rar aes vonban stance 5 =a 34. 98 34.27 
Ra CHIR ERAT Jest on a cp wesachniendenubanade PSS dalton cho aware dees mae 49. 28 48, 04 
Oxide of-iron and alumina ((FeAls)O 3) ......-- --.---ecce- snes cece encene Behe ts uti 1: BB il dae coe 
Magnesia, etc., not determined (MgO) . ...- <0. ccc cnn c nn eee ceccccnenwenec cence: 1,61 11. 39 
Carbonic acidt (CO,).............--, aR av ecie ila cine akacaauad a ae 6:70 Wwacdeanaue 
TIRISES TUR GLRD oon Pos soe du cwclcavacaes suanevertonucewexseccudenserscseneae 1.10 0. 90 





a@ 100. 00 6100, 00 





« Analysts, G. H. Ogston. 

») Analysts, Augustus Voelcker & Sons. 

* Equal to tribasic phosphate of lime, 76.38 and 74.81 per cent, 
t Equal to carbonate of lime, 12.95 per cent. 


(2) Swan Island. (10680. ) (3) Swan Island. (10685.) 
BONE DEPOSITS. 


Bone deposits are generally found in caves, on the edges of shallow 
lakes, and on some northern islands, especially where the penguin con- 
gregates. They consist of the bones of animals and birds which have 
died there or been brought by carnivorous animals. The deposits are 
generally small. 

A single specimen is shown here. 


(1) Bones of the penguin mixed with moss. Funk Island off Newfoundland. July 
23, 1887. (66581.) 


CLAYS. 


Under this head are included several well-defined minerals, some 
doubtful and impure species, and various mixtures. They are applied 
to a large variety of widely different uses, so that it is impossible to give 
a general definition. Chemically they are all hydrated silicates of alu- 
mina, but they vary much in the relations between alumina, silica, and 
water, and are sometimes very impure. The most common impurity is 
siliceous sand, and clays imperceptively graduate into sands. 

Nearly all clays contain the mineral kaolinite as an essential con- 
stituent, which, when pure, contains silica 46.3 per cent,, alamina 39.8 
per cent., water 15.9 per cent. Some of the purest clays approach this 
composition, but all contain small amounts of other materials, especially 
titanic acid, iron, and potash. Besides kaolinite clays frequently con- 
tain quartz, especially as sand, titanic acid minerals, feldspars, micas, 
pyrite, lignite, oxides, and carbonates of iron and other silicates, Occa- 
sionally many other minerals are found. A few clays do not contain 
kaolinite, but have the related mineral halloysite as a basis. Halloy- 
site when pure contains silica 43.3 per cent., alumina 37.7 per cent., and 
water 19 per cent. 
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The following analyses taken from the report of the New Jersey Geological Survey upon clay 
deposils show the wide variation which occurs in the chemical composition of different 
characteristic clays. 








| 
| 
| 
| 
| 
| 
| 
| 
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Fire clays. | | | 
i | | | 
Woodbridge, N.J......-. 43.90 )38. 24 {14.10 1.30 | 1.10 | 0.15 | 0.00 |trace| 0.11 | 0.96 | 0.70 |100. 56 
Cheltenham, Mo. ....-.-./38,10 |31.53 (11. 30 D5 OU TOON OLAD tee eee ee ee trace} 1.92 | 2.50 | 99.95 
Utica, La Salle County, I1./38. 25 |26. 45 | 9. 80 | Let ATSHAD | ISLO wissen | Soe 0.30 | 2.10 | 2.10 | 99.65 
Bonhamtown, N.J....-.. [17.90 115.'505}"4.'90)) 1-60 157.35-| OnNT |ooe2ce|teeentisee ene 1.20 | 1.30 | 99.92 
White clays. | | : 
Raritan River, N. J....--/64.00 |29.08 | 6.80 |...-.. lacecee 2564.4) Sone | pee ao | eee AC 12 WB 76il sesece 
: e | 3 
Old Bridge, N. J......--. 24.55 |19.85 | 5.70 | 1.00 |44.80 | 1.90 | 0.32 |...... \esemas 1.00 | 0.90 |100. 02 
Front brick clay. | 
y = | | | | 
Sayreville, N. J..........|28.30 |27. 42 | 6.60 | 1.00 }27. 80 | Deri Pearl scos= 0.18 | 2.68) 2.90 | 99.59 








Physically clays vary from soft plastie or unctuous mud, as found in 
moist locations, to dry, hard, and rock-like deposits as often found below 
the Coal Measures. 

The only general property belonging to all clays is, that with water 
they form an adhesive paste. Some clays show this in their natural 
condition or on being moistened with water, while others have to be 
ground in order to make a good paste. This property is called plas- 
ticity, and varies very much in different clays. On being heated so as to 
drive out the water of combination the plasticity is destroyed. Upon 
these two facts depends the value of clay for most purposes. Its plas- 
ticity allows the easy molding of the material into any desired shape, 
while subsequent heating or baking permanently sets or fixes the form. 

According to their uses clay may be divided into pottery clay, re- 
fractory or fire clay, and brick and tile clay. 

Under the head of pottery clays are generally included earthen- 
ware, including stoneware, iroustone, white, china, and porcelain clays. 
Pure white clays, free from oxide of iron, constitute the ironstone, 
china, white, and porcelain ware clays. In use other materials are 
generally mixed with them to secure the proper composition. Less pure 
clays, and those containing iron, constitute the earthenware clays. 
They may be of various colors, and when burned are some shade of red 
or brown. When sufficient iron is present to partially fuse during burn- 
ing it becomes a stoneware clay. 

Refractory or fire brick clays generally contain much quartz, and they 
must be able to stand a very high temperature without fusing. They 
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are used for the manufacture of gas and other retorts, glass pots, and 
fire brick of every description. 

Under brick and tile clays are included a vast number of brdinary 
clays that are not good enough for other purposes. They are found 
widely distributed over the whole world, and are used for the manu- 
facture of building brick of all kinds, tiles, pipe, terra cotta, and other 
articles of common use familiar to all. 

The following table shows the wide range of application of clays: 


Articles manufactured from clay in the United States, 


I. Building materials : 
. Common building brick. 
Front building brick (pressed brick, molded, intaglio, or ornamental brick.) 
. Hollow brick. 
. Glazed brick. 
. Rooting tile. 
. Flue linings. 
. Door knobs and hardware porcelain. 
. Terra cotta lumber. 
. Hollow tile, fireproofing, or castings. 
Il. Refractory materials 
1. Fire brick. 
2. Gas retorts. 


anauwk wn = 


wo 


3. Retorts for zine works and for other metallurgical purposes. 
4, Glass pots. 
5, Stove and furnace linings. . 


ao 


. Chemists and assayers utensils. 
III. Pottery: 
1. Stoneware. 
2. Earthenware (yellow ware, Rockingbam ware. ) 
3. Granite or ironstone ware. 
4. White ware. 
5. Porcelain (as part of mixture.) 
IV. Ornamental ware : 
1. Encaustic tile, for walls and floors. 
2. Ornamental pottery. 
3. Ornamental terra cotta. 
V. Miscellaneous : 
lL. Sewer pipe. 
2. Drain pipe or drain tile. 
3. Flower pots. 
. Garden border edging. 
. Telegraph insulators. 
. Well tubing. 
. Receivers for acids. 
8. Water filters and coole 
). Lamp stands. 


a 


“oO 


_ 


Besides the above, certain qualities of clay are used for special pur- 
poses. In paper making it is used to give a finish to wall papers, and 
also to give weight and body to writing and other papers. In the man- 
ufacture of alum it is used as the source of alamina, In the manu- 
facture of Portland cement clays are sometimes used. 
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The collection shows, first a series of the typical clays of New Jersey, 
and to these are added some characteristic clays from other localities. 


NEW JERSEY CLAYS. 
Pottery clays. 


(1) Kaolin. Edgar Pit, Woodbridge, Middlesex County. (11647.) 
(2) Kaolin. Weideners’ Pit, Perth Amboy, Middlesex County. (11649.) 
(3) Kaolin. Woodbridge, Middlesex County. (33081.) 

(4) Ware clay. Cutter’s Pit, Woodbridge, Middlesex County. (11635.) 


5) Ware clay. Longbridge & Power's Pit, Woodbridge, Middlesex County. 
8 8 J 


(11644. ) 
(6) Ware clay. Woodbridge, Middlesex County.- (33087.) 
(7) Earthenware clay. Roberts Pit, Woodbridge, Middlesex County. (11646.) 


(8) Earthenware clay. Rose & Sons’ Pit, Woodbridge, Middlesex County. (11656.) 


(9) Earthernware clay. Woodbridge, Middlesex County. (33082.) 


Refractory clays. 


(1) Fire clay. Weber’s pit, Woodbridge, Middlesex County. (11629.) 
(2) Retort clay. Berry’s pit, Woodbridge, Middlesex County. (11626.) 
(3) Fire sand. Valentine’s pit, Woodbridge, Middlesex County. (11639.) 


(4) Sandy clay, extra. Longbridge & Power’s Pit, Woodbridge, Middlesex County. 


(11640. ) 
(5) Fire-brick clay, No. 1, burnt. Woodbridge, Middlesex County. (33086.) 
(5) Fire-brick clay, No.2. Woodbridge, Middlesex County. (33080. ) 
(7) Stove-lining clay. Woodbridge, Middlesex County. (33078.) 
(8) Molding sand. Woodbridge, Middlesex County. (33089.) 
(9) Sand. Woodbridge, Middlesex County. (33090. ) 
(10) Fire clay. A. Weber’s farm, Raritan River. (31339.) 
(11) Top white clay. A. Weber’s farm, Raritan River. (31331.) 
(12) Top white clay. A. Weber’s farm, Raritan River. (31332.) 


Six manufactured articles from the Weber clays are also shown: 


(1) Mufifle. (31316.) | (4) Fire brick, No.1, extra. (31323.) 
(2) Muffle. (31317.) | (5) Fire brick, No. 1, small, (31325.) 
(3) Checker work. (31320.) | (6) Fire brick, grate. (31327.) 


Brick and tile clays. 


(1) Pipe clay, black. Woodbridge, Middlesex County. (11645.) 
(2) Drain-pipe clay. Woodbridge, Middlesex County. (383077. ) 
(3) Drain-pipe clay. Woodbridge, Middlesex County. (20285. ) 


Special clays. 


(1) Paper clay, white. South Amboy, Middlesex County. (11651.) 
(2) Paper clay, yellow. South Amboy, Middlesex County. (11654.) 
(3) Paper clay. Woodbridge, Middlesex County. (33084.) 
(4) Alum clay. South Amboy, Middlesex County. (11655.) 
(5) Kaolin,lump. East Fishkill, Dutchess County, New York. (34136.) 
(6) Kaolin, washed. East Fishkill, Dutchess County, New York. (34135.) 
(7) Kaolin. West Chester, Chester County, Pennsylvania. (66579. ) 
(8) Kaolin. Bryson’s Mica Mines, Macon County, Georgia. (29713.) 
(9) Kaolin. Augusta, Lincoln County, Georgia. (29712.) 
(10) Kaolin. Lawrence County, Indiana. (34441.) 
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(11) Pottery clay. West Chester, Chester County, Pennsylvania. (66579. ) 
(12) Pottery clay. Delaware. (29710.) 

(13) Pottery clay. Columbia, Richland County, South Carolina, (2972%.) 
(14) Pottery clay. Columbia, Richland County, South Carolina, (33976.) 
(15) Pottery clay. -Augusta, Lincoln County, Georgia, (29727.) 

(16) Pottery clay. Lawrence County, Indiana, (29714. ) 

(17) Pottery clay. Waco, Madison County, Kentucky. (33975.) 

(18) Pottery clay. Jefferson County, Missouri. (17245. ) 

(19) Pipe clay. Westport, Essex County, New York. (20286. ) 


THE CARBON GROUP. 


The series of natarally occurring materials in which carbon forms 
the chief constituent contains several classes of widely differing ma- 
terials of much economic importance. Taken as a whole, this group is 
most naturally and scientifically classified by the increasing amounts 
of volatile hydrocarbons, which the materials contain or evolve upon 


‘being heated. Besides this increasing amount of gaseous constituents, 


there is also a gradual change in physical characters, beginning with 
diamond, the hardest of known substances, thence through an increas- 
ing softness to liquids, and ending with a gas. This group may be 
naturally divided into the pure carbon, coal, and bitumen series. 


PURE CARBON SERIES. 


DIAMOND. 


Composition: C. Pure carbon. 

It crystallizes in the isometric system, generally with an octahedral 
habit. The faces are usually curved, and twins are common. It hasa 
very perfect octahedral cleavage. Its hardness is 10, being the hardest 
substance known. {ts specific gravity is 3.5. It is usually white and 
colorless, but may be tinged many colors. Its luster is characteristic. 

The diamond is found mostly in sand, gravel, or clay of recent allu- 
vial formation. The principal localities are in India, South Afriea, 
and Brazil. The principal value of the diamond is as a gem, but small 
amounts are used for cutting hard materials, and as the cutting edge of 
drills, especially rock drills. 


(L) Asingle Indian diamond is shown here ; further illustrations ean be seen in the 
gem series of the mineral department. (59975,) 


GRAPHITE. (PLUMBAGO, BLACK LEAD, CARBURET OF IRON.) 


Composition: C. Pure carbon, often containing a small amount of 
impurity. 

It crystallizes in the hexagonal system in tabular forms with basal 
cleavage. Orystals are rare. It generally occurs in foliated or grann- 
lar masses. Its hardness is 1 to 2, and specific gravity 2 to 2.2. It is 


iron-black to steel-gray in color. It is sectile and soils everything it 


218 BULLETIN 42, UNITED STATES NATIONAL MUSEUM. 


comes in contact with. It differs from the diamond in being very soft 
and crystallizing in the hexagonal system. It occurs in the older crys- 
talline rocks. 

Graphite is used for a variety of purposes. The manufacture of cru- 
cibles and other fire-resisting articles and stove polish consumes two- 
thirds of the total used. Small amounts are used for lubricators, paint, 
polishing material, and lead pencils. A single specimen is shown here; 
others will be found with the manufactured articles. 


(1) Coarsely crystalized, in quartz and mica, a characteristic specimen of dissemi- 


nated ore requiring dressing to separate the graphite from the gangue. Ticonder- — 


oga, Essex County, New York. (37825.) 
APPLICATION OF GPAPHITE. 


The crude graphite and manufactured articles from Bloomingdale, 
Passaic County, New Jersey, are illustrated by six specimens: 

(1) Sample from main shaft of vein, 20 feet wide. (56272.) 

(2) Dry lubricator, for ordinary machinery. No. 10. (56273.) 

(3) Dry lubricator, for heavy bearings. No. 50. (56274.) 

(4) Brush silver facing, for foundry uses. No. 60. (56275.) 

(5) Stove polish. No. 61. (56276.) 

(6) Very fine, for electrotypers, lead pencils, ete. No. 90. (56277.) 


The following specimens illustrate prepared graphite manufactured 
by the Pennsylvania Mining and Manufacturing Company, Philadel- 
phia, Pennsylvania. 

(1) Crucible graphite. (32465,) (5) Powder glaze. (32463.) 

(2) Pure lubricating. (32460.) (6) Pencil graphite. (32466.) 

(3) Lubricating ‘“‘ Excelsior.” (32461.) | (7) Electrotyping graphite. (32464.) 
(4) Shot glaze. (32462.) | 

The following series of specimens shows three characteristic varieties 
of graphite from the mines of the Dominion of Canada Plumbago Com- 
pany, in Buckingham, Province of Quebec, Canada, the material as pre- 
pared for various uses and articles manufactured from this graphite, 
some of which have been subjected to severe practical tests : 


(1) Foliated, characteristic and very handsome. (51007.) Composition: 


Per cent. 
Carbon.c scat cesles ck oe = Se eee oe oe oe Sac Seabee 99. 675 
Volatile matter s£ 22 case oase eee scien cee te one 0.178 
AG) SSE oe eS see ee nnn or a ee re fa arcs tee ee ee 0, 147 
(2) Columnar and granular, massive. (59976.) Composition: 
Per cent. 
Carbon 32s ecere carte nee Neon clas ee ae aoe oe ee 97. 626 
Volatile matters. 22 ns cee as crocs eile See ate eee eens 0.594 
ASOD 9 Aopace ais te Se Se es ees es Re te aE ES ey ne 1.780 
(3) Disseminated in a decomposed rock. (59977.) Composition : 
Per cent. 
Graphite. ss ues Wee acick eae ee SSP Soe hee 23. 7938 
Soluble rock matter {.t2.<sscsce dee ee ed eee 21. 285 
Insoluble rock. matters.2: 24.2222 seco eee eee Eee eal 


Kyproscopic waters-2.'-- cco kee: Soe teeter eueee 1,176 
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PREPARED GRAPHITE. 


(1) Coarse powder. (51675.) 
(2) For crucibles, coarse. (51608. ) 
(3) For crucibles, fine. Varies in ash from 3.635 to 7.645 per cent. (51607.) 
(4) For making stove polish. (51620.) 
(5) For lubricating, contains 7.645 per cent, ash. (51610.) _ 
(6) For electrotypers use, contains 17.632 per cent. ash. (S16LL1.) 
(7) For making pencils, contains 5.143 to 17.682 per cent. ash. (51612.) 
(8) Paint stock, contains 10.737 per cent. ash. (51615.) 
(9) For powder and shot glazing, contains 10.737 per cent. ash. (51619.) 
(10) For glass-makers. (59613.) 
(11) Founders facings. (59614.) 
(12) Hatters stock. (59616.) 
(13) For organ builders. (59617.) 
(14) For piano makers. (59618. ) 


MANUFACTURED GRAPHITE. 


(1) Stove polish, in cakes. (51009. ) | (3) Carpenters peneils. (51010.) 

(2) Lead pencils, (51011.) j 
ORUCIBLES. 

(1) Brass. No.50. (51003.) (6) Brass. No.10. (51600.) 

(2) Brass. No.40. (51596.) (7) Brass. No.6. (51007.) 

(3) Brass. No. 30. (51597.) (3) Brass. No.1. (51601.) 

(4) Brass. No.25. (51598.) (9) Steel. No.40. (51004.) 


(5) Brass. No,20. (51599.) 


TESTED ORUCIBLES. 


(1) 150 pounds crucible, used for twenty-six heats by the Birmingham Patent Tube 
Company. (51006. ) 

(2) 120 pounds crucible, used for thirty-six heats of wire metal at Waterloo Works, 
Birmingham, England. (51603.) 

(3) 60 pounds crucible, used for twenty-two heats at the Cambridge Steel Works, 
Birmingham, England. (51601.) 

(4) 50 pounds crucible, used for forty-eight heats of brass at the Winfield Works, 
Birmingham, England. (51605. ) 


COAL SERIES. 
YOAL. 


Composition: Various hydrocarbons, with possibly free carbon. Com- 
pact and massive, with little or no structure except banding and a 


jointed fracture. 


It varies in hardness from 0.5 to 2.5, and in specific gravity from 1 to 
1.8. Is black to brown in color, and varies from dull to submetallie in 
luster. It breaks with a more or less conchoidal fracture, and is gen- 
erally brittle. When heated evolves gas, or tarry matters, or both. It 
is infusible, but many varities soften on being heated and are more or 
less decomposed. 

Coal occurs as a regular member of the rock series interstratified with 
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shales, sandstones, conglomerates, and occasionally limestone. It char- 
acterizes and gives the name Carboniferous to a geological period, in the 
rocks of which it occurs. Small amounts, however, are found in the 
rocks of later periods. . 

The varieties of coal are ordinarily classified by the increasing 
amounts of volatile matter which are driven off on being heated, but 
the classes graduate into each other and sometimes overlap, since the 
presence of more or less ash may change the per cent. of volatile mat- 
ter from ene class to another. As the volatile matter increases the fixed 
carbon decreases. 

Anthracite contains up to 7 per cent. volatile matter. 

Semi-anthracite contains 7 to 10 per cent. volatile matter. 

Semi-bituminous contains 10 to 18 per cent. volatile matter. 

Bituminous contains over 18 per cent. volatile matter. 

While this classification has been in use many years and is conven- 
ient, especially for trade purposes, a more rational and scientific classi- 
fication is by the fuel ratio or the ratio existing between the fixed car- 
bon and the volatile hydrocarbons, or the figure obtained by dividing 
the per cent. of fixed carbon by the per cent. of volatile hydrocarbon. 





This is usually expressed In this classification the water and 


C 
VH-C 
ash are regarded as impurities, and ouly the combustible portions of the 
coal considered. Upon this basis the coals would be defined as follows: 


een 

V HC 
AnmbphTacitecss coe Sos sce 6 bow eek eee ee ee oarea a 100 to 12 
Semi-anbhvacitesse. osaceaeeser eee = ayer et Aes eS 12 to 8 
SeMmi=bitwmMIMOUs se sesso seo Peete oe ee eae oe 8to 5 
IB GOMINONS oo se ee eee eee oe ne eee en ee 5to 0 


The bituminous coals are subdivided in a variety of ways, the prin- 
cipal being coking coals, or those that form a coherent cellular coke on 
being heated, noncoking, that do not form coke, cannel coal, very rich 
in hydrocarbons, and brown coal or lignite, generally of more recent 
formation and containing a larger proportion of oxygen. 

On being heated with free access of air all coals combine with the 
oxygen of the air, or burn, with the generation of heat. This genera- 
tion of heat on burning is the basis of the principal applications of 
coal, and enormous amounts are consumed for this purpose. On being 
heated in closed chambers or retorts some varieties of coal, particularly 
cannel coal, give off iarge volumes of gas which can be collected and 
subsequently used for illuminating and heating purposes, and leave a 
residue of poor coke, which can be used for heating purposes. The 
coking coals yield a hard strong coke on being thus heated, which is 
very valuable for metallurgical purposes, but the gas evolved is gener- 
ally allowed to go to waste. Large amounts are used for this purpsse. 

The production of coal in the United States in 1889 was 133,000,000 
tons. 








. 
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ANTHRACITE COAL. (GLANCE COAL, STONE COAL.) 


Composition: 80 to 94 per cent. fixed carbon, 1.5 ty 7.50 per cent. 
volatile matter, aud 4 to 12 per cent. impurities, including water. 

It is quite hard and has a high specific gravity 1.3 to 1.75. It has a 
very bright characteristic luster, and breaks with a conchoidal frac- 
ture. Gives a very feeble flame in burning. A remarkable peculiarity 
is that it is almost impossible to ignite a single piece of anthracite, and 
if combustion is once fairly started it will cease unless external heat 
is supplied, so that to start and maintain a fire with this coal it is nee- 
essary to have a group of several pieces. 

There is a small area of hard dry anthracite in Rhode Island and a 
second small area of very poor coal in Virginia. By far the largest 
and most important area is in Pennsylvania, where it underlies 500 
square miles, and from which 45,922,879 tons were extracted in 1888, 

At the beginning of the coal series stands the hard graphitic anthra- 
cite of Rhode Island. This field is quite small, but produces a consid- 
erable amount of coal for local consumption. The coal occurs in the 
oldest Coal Measures, and its hardness and graphitic nature are char- 
acteristic. The general composition is indicated by the following 
analysis, showing wide variations in water and ash: 








Per cent. Per cent. 
MERE, fees 2 eis. RPE eos, A Tipe fs ody fk OR 0.24 
WEIMELG WOMGUAR . cavscetce beens sueccu street Jaen eae a adc waa nas ou 8.55 4.49 
Fixed carbon ...........-- Pte eA cen tact SOY Oa slea acum casi euancunes an 82.25 82, 20 
PRON N iat eahs ites ts nile Wer cen atts 2 Peete Rotana Series Save Pedwucace atwarhie mt eis oe 5. 65 } 13. 07 
PMINLIS NES fas eee ease eS e vs Sete aes Gadd sy donee dead walete une dunveicd es waulantuu’ ied ase 0.34 
RC i ett etree eta Ot ae eee RG eed oak Dane euee Ui na5 sunday aoeche Prof. Shaler.| Prof. Goou hb. 


It is illustrated by two specimens from Newport. 


(1) Graphitic anthracite, Newpert, Rhode Island, (59099.) 

(2) Graphitie anthracite, Newport, Rhode Island. (17299.) 

The Pennsylvania anthracite is illustrated by complete series of the 
characteristic varieties. The most important collection is the very com- 
plete illustration of the operations of the Philadelphia and Reading Coal 
and Iron Company at the Kohinoor Colliery, Shenandoah, Schuylkill 
County, Pennsylvania. This includes roof, coal, bony, and tloor; a com- 
plete series representing the preparation of the coal for market, includ- 
ing the ran of mine, with a 3-ton piece, nine market sizes, and three 
specimens of breaker waste; a complete set of tools used in the mine 
and breaker; and a number of views about the mine, including five 
views in the interior of the mine taken by electric light. 


The average composition of the coal from this colliery is— 
Per cent. 


WW TRUER aids wou hea ple te ea Oia wean wae abode bare oe LS 
SE RLSEER ESS TOTEL ERAS “oo ae etal ack bs nett ail all m rat otal pr ne deta eal nent 3.717 
PERG GREDOR coed cde Chote ae knas=s os sabe de aaa wee tues 61. 143 
RTEIMINILE <u uote faraway ae med aks p 6.2 ae cia oe Re ca cet wt ae 0. 899 


BUscdpWeacan<eeund sean ust aodd sact SE nce nadancveans 11, 078 
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This series is one of the most interesting and instructive in the de- 
partment, and contains forty-eight specimens. 


MINE SPECIMENS. 


(1) Roof slate. (59063. ) | (3) Bony. (59065.) 
(2) Coal, ron of mine. (59062.) | (4) Floor slate. (59064.) 

After the coal is extracted from the mine it is prepared for market by 
being graded according to size in a building called a breaker. The 
Kohinoor breaker is shown on PL. XXxI. To prepare the smaller sizes 
the coal is first crushed, then separated into the different sizes by sieves 
or revolving screens. After this it passes over a series of chutes, where 
boys and disabled men pick out the pieces of slate and bony coal as 
shown on PL. xxx. It then passes to pockets, whence it is loaded on 
the cars for shipment. A breaker is generally arranged so that the 
coal is delivered at the top of the building, and then travels downwards 
by gravity through the successive steps until it is loaded on the cars. 


BREAKER SPECIMENS. 


(1) Coal, run of mine, 3-ton specimen. (8) Chestnut. (59052.) 
(59974. ) (9) Pea. (59051.) 7 
(2) Lump or furnace. (59058.) (10) Buckwheat. (59050.) 
(3) Steamboat. (59057. ) (11) Breaker waste, dust. (59059.) 
(4) Broken. (59056. ) (12) Breaker waste, slate. (59060.) 
(5) Egg. (59055. ) (13) Breaker waste, bone. (59061.) 
(6) Large stove. (59054.) (14) Iridescent anthracite, commonly 
(7) Small stove. (59053.) called peacock coal. (59086.) 
TOOLS. 


(1) Torch lamp, tin, with two spouts; used as a stationary lamp in the gang- 
ways or breakers. (59188. ) 

(2) Mule lamp, tin, with sheet-iron shield; a large lamp with lift-top and large 
spout. It is suspended from the collar of the leading mule as a guide for the mules 
following. (59165.) 

(3) Driver’s cadger, a small tin can used by the miners and drivers for carrying 
oil for thair lamps. (59184.) 

(4) Miners cotton, a ball of ordinary wick, commonly called ‘ cotton” by the 
miners. Used in the miners lamps. (59190.) 

(5) Mining pick, a common form used in the anthracite mines. (59166.) 

(6) Bottom pick, used about the anthracite mines, mainly in breakers for break- 
ing coal and slate, and separating the same. (59167.) 

(7) Coal drill or jumper, used for drilling blasting holes in the coal by jumping it 
up anddown. (59169.) 

(8) Rock drill, used for driving tunnels and gangways. (59170.) 
(9) Iron seraper, used for cleaning out loose dirt in drill-holes. (59172.) 

(10) Copper needle, used to insert the cartridge into the drill-hole, where it re- 
mains until the hole is tamped, when it is withdrawn, leaving a small hole for the 
insertion of the exploder. Made of copper to prevent striking fire. (59171.) 

(11) Blasting barrel, used in making a shot in damp places. (59173.) 

(12) Fuses or squibs, made by the miners for exploding cartridges. (59179.) 

(13) Miners safety squibs. Daddow & Beadle’s patent rocket squib. Used for 
exploding cartridges. (59180.) 
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(14) Oil or powder can, used by the miners for carrying either oil or powder into 
the mines. (59181.) 

(15) Cartridge stick, used by the miners in making shells for cartridges. (59178.) 

(16) Blasting paper, a water-proof paper used by the miners for manufacturing 
cartridges. (59186.) 

(17) Rosin soap, used with blasting paper for making cartridges. (59187.) 

(18) Powder keg, sheet iron; form used at these collieries, (S9182.) 

(19) Coal wedge, cast steel; a common form of wedge used with the sledge. 
(59175. ) 

(20) Sledge hammer, cast steel: the form used for driving wedges in the coal at 
these collieries. (59174.) 

(21) Mining shovel, cast steel, short handle. Used in the mine for loading the 
smaller pieces of coal into mine wagons. (59176.) 

(22) Coal rake, a six-pronged iron rake; used in the breasts for manipulating the 
coal. (59168. ) 

(23) Miner’s dinner can. (59185. ) 

(24) Water or tea bottle, with chain; used for carrying water or tea into the 
mine. (59153. ) 

(25) Breaker rake, a two-pronged rake; used by the platform men in the breaker 
for manipulating the coal as it comes from the mine. (59191.) 

(26) Breaker scraper, used for removing obstructions in the chutes. (59192.) 

(27) Scoop shovel, cast steel; used in and about the breaker and dirt pile. (59177.) 

(28) Breaker platform pick, used for breaking the coal, and also for detaching the 
slate and rock. (59195.) 

(29) Breaker eye wedge, handled; used with the sledge by the platform men for 
breaking large lumps of coal as it comes from the mine; peculiar to the Ellangowan 
Colliery. (59194.) 

(30) Breaker wire broom, used in the breaker for cleaning the revolving screens 
when the meshes are filled with wet coal. (59193.)- 


VIEWS. 


The interior of breast No, 39 is illustrated by the following five pho- 
tographs, taken by electric light August 28 and 29,1884. This breast 
was selected because it shows 424 feet of coal, and the process of rob- 
bing the mine or taking out the roof and pillars of coal left when the 
mine was first opened was going on then, It is under the edge of 
Shenandoah City. about 500 feet vertically below the surface: 


(1) Entrance to the breast. At the left, in the background, is a pillar of coal, left 
to support the roof. In front of this is the mine railway. In tbe center, in the 
background, is the entrance to the breast, with the roof (at this place the 5-foot 
bench) supported by timber props. On the right, in the background, is another pil- 
lar of coal; in front of this is a pile of refuse or ‘‘ gob;” and in front of this, again, 
are some worn-out timber props. A man, standing in the entrance, furnishes a meas- 
ure of the height of the gangway. (59009.) 

(2) Has the face of the breast for a background, showing especially the lower 
benches of the formation and the slate partings. A man on the left (whose com- 
plexion, by the way, is given with evident accuracy) is breaking down the coal with 
a pick, one in the center is losding the lump coal on a mine car with a shovel, and 
one on the right is drilling a hole for a blast with the old fashioned hand drill or 
‘‘jamper.” The scraper for removing the drilldust from the hole and the needle for 
the introduction of the cartridge lean against the face of the breast in front of the 
middle man, (59006. ) 
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(3) Shows nearly the same background as No. 59006. A miner is drilling a hole in 
the 7-foot bench for a blast with a modern patent drill and by the light of the 
safety lamp, various tools being grouped about. him. (590C3.) 

(4) Shows on the right in the foreground the corner of a pillar of coal, which ex- 
hibits in great perfection the banded structure of the formation. Near the center are 
two miners in characteristic positions at work removing the pile of coal that has been 
thrown down by the blast in robbing the mine. At the left, in the background, is the 
face of the breast, which has been squeezed or crushed by pressure, as is shown by 
the confused appearance of the strata. (59007.) 

(5) Electric-light plant used for photographing, located at the intersection of the 
long slant gangway and east lift. (59010. ) 


The following four specimens are from the Primrose vein, Primrose 
Landing, 1,575 feet from the surface: 


The average composition of this coal is: 


Per cent. 
Whater2e. Soib cca asepnbocconda ans bee boaeteetee sine ce ep bliss es tne senate ne Eheaets 3. 541 
Volatileimattersscen=assceen ee ohecisicien askWacw ewe sieee toeesslneiees Se aaa 3. 716 
Hixed Carbon 22. .ss05 s0ssceccn2 sec scc ecb cseieee oe eee aese ee em seme = aan scene 81. 590 
Sulphur’. 225 oossec Jot Sa. Sos cee ce cow sin ces oe ce ee ee eee eee ee ene See eae eee 0. 499 
Aish. 2 oie cede ss a dase cowie teach es a aee a ehies nea e Det nee dene eee eae 10. 654 
(1) Coal, red ash. (59090.) (3) Slate. (59093. ) 
(2) Bony coal. (59094. ) | (4) Bastard slate. (5909%.) 


The following are general illustrations of anthracite : 


(1) Coal, white ash. Taken from Mammoth Vein, Diamond Landing, 1,131 feet 
below the surface. (59091. ) 

(2) White ash, from an anticlinal axis near the surface. (59088.) 

(3) Sandstone, from an anticlinal axis near the surface. (59087.) 

(4) View of a breach in the Kaska- William Colliery, Schuylkill Valley Basin, east 
end of Mine Hill; elevation, 1,012 feet above tide at Philadelphia. Anticlinal axis, 
showing coal and rock. (59020.) 

(5) Coal, red ash, taken from the top of a small anticlinal. Shows the curva- 
ture of the formation by the outline and cleavage of the specimen; about 50 feet 
below the surface. Palmer Vein Colliery, New Philadelphia, Schuylkill County, 
Pennsylvania. (59089.)° 

(6) Iridescent anthracite, commonly called peacock coal. Ross Vein Mine, Wilkes- 
Barre, Luzerne County, Pennsylvania. (59085.) 

(7) Coal, white ash. <A cube 10 by 10 inches, taken from the Mammoth Vein, 
Keeley Run Colliery, Shenandoah, Schuylkill County, Pennsylvania. (59110. ) 

(8) Coal. A cube 4 by 4 by 4 inches, taken from the Mammoth Vein (Top Split); 
contents 64 cubic inches; weight 343 pounds, equivalent to 2,5743% pounds or 1.149 
tons per cubic yard. Hammond Colliery, Girardville, Schaylkill County, Pennsylva- 
nia. (59109.) ‘ 

(9) Model of the Panther Creek Coal Basin, showing the outline, area, and form of 
the coal bed and the portions which have been worked out. Prepared under the 
directions of Dr. Chas. A. Ashburner. (59980. ) 

As an evidence that the miner is artistic, and to show the adaptabil- 
ity of anthracite coal for art objects, three ornaments cut from it are 
shown. The lady’s slipper is particularly effective as an art product. 

(1) Lady’s slipper, made by a miner from anthracite coal. Kohinoor Colliery 
Shenandoah, Schuylkill County, Pennsylvania., (59117.) 

(2) Caster and eruets, cut by a miner from anthracite coal. Ellangowan Colliery, 
Shenandoah, Schuylkill County, Pennsylvania. (59066.) 

(3) Miner’s brogan. (59108.) 


~ 
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The action of mine water upon iron is illustrated by two specimens: 


(1) Iron bolts. Taken from the bottom of an iron tank used for hoisting mine 
water to the surface. The original size was 7} inches by three-quarters of au inch ; 
the cotton waste on the bolt was used to exclude the water. They are now eaten 
away toashred. Kohinoor Colliery, Shenandoah, Schuylkill County, Pennsylvania, 
(59096, ) 

(2) Miner’s pick. Was submerged about 20 years, during the flooding of the Kaska- 
William Colliery. New Philadelphia, Schuylkill County, Pennsylvania, (59135.) 


~The outfit worn by a miner in the anthracite mines of Schuylkill 
County, Pennsylvania, is illustrated by the following old suit: 


(1) Boots. (59128.) (8) Water bottle. (59134.) 
(2) Pants. (59126.) (9) Piek. (59129.) 

(3) Overalls. (59127.) (10) Hand drill. (59130.) 

(4) Shirt. (59125.) (11) Seraper. (59131.) 

(5) Vest. (59124.) | (12) Needle. (59132.) 

(6) Hat. (59123.) | (13) Blasting barrel. (59133.) 


(7) Lamp. (59122. ) 
Five characteristic fossils are shown: 


(1) Slate, with fern impressions. Kohinoor Colliery, Shenandoah, Schuylkill 
County, Pennsylvania. (59116.) 
(2) Stigmaria, from the anthracite coal measures. Pottsville, Schuylkill County, 
Pennsylvania. (59119.) 
(3) Algw, from the red shale immediately nnder the conglomerate of the anthra- 
cite coal measures. Pottsville, Schuylkill County, Pennsylvania. (59120.) 
(4) Calamite, from the anthracite coal measures. Pottsville, Schuylkill County, 
Pennsylvania. (59121.) 
(5) Lepidodendron, underlying the Buck Mountain bed. Mine Hill Gap, Schuyl- 
kill County, Pennsylvania. (59112.) 
The following series of specimens illustrate the opeo lamps in use in 
the Wyoming Valley Region, Luzerne County, Pennsylvania: 
(1) Superintendent or boss ininer’s lamp, made of copper, as this metal does not at- 
tract the needle of the compass. (59073.) 
(2) Superintendent or boss miner’s lamp, larger than the ordinary mining lamp, 
with a large hook to be used as a handle. (59074.) 
(3) With stationary tank, in which cheap kerosene oil may be burned. (59075.) 
(4) With an adjustable tank, in which cheap kerosene oil may be burned. (59076. ) 
(5) With lift top, in which the lowest grade of kerosene oil, or a better quality 
known as patent oil, may be burned. (59077.) 
(6) Patent-oil lamp, with screw top. (59080. ) 
(7) Preferred by the miners of the Wyoming Valley region to any other kind in 
which cheap kerosene oil is burned. (59078. ) 
(8) Open, for burning only the cheapest grades of kerosene oil. (59079.) 
(9) Open, for burning either whale or cotton-seed oil. (59081.) 
(10) The same as 59081, differs slightly in shape. (59082.) 
(11) Brass, with match box inside, striker at the bottom, and picker near the hook, 
(59084. ) 


Two specimens illustrate the open lamps used in the New River, Gau- 
ley, and Kanawha districts of West Virginia. From the Sewell Mine, 
Sewell, Fayette County, West Virginia. They are shown with the 
anthracite lamps for comparison. 

(1) With lift top and double spout. (59214.) 

(2) With lift top, in which linseed oil may be burned, (59213.) 

9110—No, 42——15 
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The following series of safety lamps, presented by Messrs. J. W. 
Queen & Co., Philadelphia, Pennsylvania, illustrate the principal forms 
of such lamps: 


(1) Clanny, has an iron-wire gauze and a glass globe surrounding the wick so 
arranged as to obtain the best light possible. (59266.) 

(2) Newcastle Davy, fitted entirely with iron-wire gauze. It has a large bottom 
and is provided with a hook at the top to suspend the lamp from. (59267.) 

(3) Newcastle Davy, with the attachment of William’s patent extinguisher. 
(59268. ) 

(4) Fireman’s lamp, embodying the principal of a Davy lamp, inclosed with iron- 
wire gauze. It has a foot of small diameter and can be fixed by a hook to the wall 
and hang perfectly straight so that the flame can be kept in the center. (59269.) 

(5) Boss fireman’s lamp, of the same style of the one used by the fireman. It is 
smaller, to be conveniently carried, and is also better finished than the assistant’s 
lamp. (59270.) 

(6) Newcastle Davy, same as the preceding, but heavier. (59271.) 

(7) Stephenson lamp, fitted with iron-wire gauze, with a glass tube inside. (59272.) 

(8) Muesler lamp with a glass globe. It closely resembles the Clanny lamp, ex- 
cepting that it has a metal funnel in the gauze and a horizontal piece of gauze over 
the flame. Used particularly in Belgium. (59273.) 


The following views represent characteristic scenes about different. 


mines and breakers: 


(1) Interior of engine house, showing the deep shaft hoisting engine, cable and 
drum. The most complete hoisting apparatus in the anthracite coal districts. Deep 
shaft colliery, Pottsville, Schuylkill County, Pennsylvania. (59011.) 

(2) Shenandoah City slope, taken from tip house, showing the mouth of the 
slope, witha barney used in hoisting mine wagons, also the manway. Shenandoah 
City colliery, Shenandoah, Schuylkill County, Pennsylvania. (59014.) 

(3) Coal plane, over which coal is hoisted from drifts to breaker; steam cables 
and steam hoisting apparatus; tip-house at head of plane, and barney house at foot ; 
loaded car going up, and “empty” coming down. The mule and driver, whose duty 
it is to haul the mine wagons to the foot of the plane, appear near the barney house. 
Shenandoah City colliery, Shenandoah, Schuylkill County, Pennsylvania. (59012.) 

(4) Head frame, showing the apparatus over the mouth of the shaft for support- 
ing the hoisting coil; also a loaded mine wagon as it appears on the surface. Ellan- 
gowan colliery, Shenandoah, Schuylkill County, Pennsylvania. (59015.) 

(5) Kohinoor colliery breaker, Shenandoah, Schuylkill County, Pennsylvania. 
(59143.) (See PL. XXxXI.) 

(6) Ellangowan colliery breaker, taken from the top of head frame, showing the 
coal and dirt planes. Shenandoah, Schuylkill County, Pennsylvania. (59016.) (See 
PL. XXIX:)) 

(7) Ellagowan colliery breaker, exterior end and front view of breaker, show- 
ing coal pockets, railroad, and the manner of loading coal for market. Shenandoah, 
Schuylkill County, Penasylvania. (59140.) 

(8) Interior of Ellangowan colliery breaker, showing the platform men at work 
on the coal as it comes from the mine. Shenandoah, Schuylkill County, Pennsyl- 
vania. (59017.) 

(9) Group of slate pickers, showing a group of boys and disabled men engaged 
in picking pieces of slate and bony coal from the broken material asit descends the 
chutes from the breakers tothe pockets. Ellangowan colliery, Shenandoah, Schuyl- 
kill County, Pennsylvania. (59018.) (See PL. Xxx.) 

(10) Barnum colliery breaker. Pittston, Luzerne County, Pennsylvania. (59098. ) 
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(11) William Penn colliery breaker, West Mahanoy, Schuylkill County, Pennsyl- 
vania. (59142.) 

(12) Lost Creek colliery breaker, Lost Creek, Schuylkill County, Pennsylvania. 
(59141, ) 

(13) Mahanoy coal plane, Mahanoy, Schuylkill County, Pennsylvania. (59144.) 

(14) Group of mining superintendents and engineer in working costume. (59013.) 


SEML ANTHRACITE COAL. (FREE BURNING COAL). 


~Composition: 74 to 90 per cent. fixed carbon, 7 to 14 per cent. vola- 
tile matter, and 2.5 to 12 per cent. impurities, including water. 

Itis not so hard or dense as anthracite, nor so bright. The fracture 
on breaking is nearly cubic. When first ignited it gives a flame which 
soon dies out. It is found principally in the western end of the Penn- 
sylvania anthracite fields. 

The semianthracites are illustrated by a series of specimens from the 
Loyal Sock mine, Bernice, Sullivan County, Pennsylvania, together 
with a complete set of tools. The following analyses represent the 
average composition of the coal from this mine: 


| Per cent. Per cent. 


aE Seen eee. sete us dme nde nets ancedcsecsas fecasecbssexnabtvecssece ce | 1,953 1. 295 
SCRE Te SI sole e oins we Pet vnc aw Amina Kg mies mism cca mlenatanaswe 9. 630 8. 100 
eR R ENE ee eine Ss enw cis ae ac aals © aise RAL dete kde dash cas enascconmaed 80. 143 83. 344 
eT aera ae re Oe we didn ioa nein caw #porarenuUN ay dow cxim avioene—ne'n | 0. 629 1. 031 


eS aa ard ve oc hci ge ncidndat aside «Vee siodapeincesssehavcesumdn sacs 7. 645 6. 230 





MINE SPECIMENS. 


(1) Sandstone, roof of the top bench, (59162.) 

(2) Fire clay, top, with fern impressions. (59146.) 

(3) Coal. (59145.) 

(4) Slate, parting between the middle and upper benches of B beds, (59161.) 

(5) Floor slate. (59147.) 

(6) Mineral charcoal, sometimes called ‘*‘ mother of coal.” (59163. ) 

(7) Stigmaria. (59164. ) 

(8) Iridescent semi-anthracite, commonly called peacock coal. (59203.) 
TOOLS. 


4 


(1) Mining lamp, tin, lift top, double spout, in which cotton-seed or lard oil may 
be burned. (59197. ) 

(2) Miners cotton, a ball of ordinary wick, commonly called “cotton” by the 
ininers. (59195.) 

(3) Mining pick, the common form used at this mine, with private mark of 
miner. (59148. ) 

(4) Bottom pick, used in this and the Long Valley mines, and also outside at 
breaker. (59149.) 

(5) Steel hand drill or jumper, used for drilling blasting holes in coal by jump- 
ing it up and down, (59150.) 

(6) Iron seraper, used for cleaning ont loose dirt in drill holes. (59153.) 

(7) Iron needle, used for inserting the cartridge into the blasting hole, and to 
leave a passage way for the squib used in firing the shot. (59152.) 

(8) Iron blasting barrel, used in making a shot in damp places, The wire is for 
removing obstructions in the barrel. (59160.) 
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(9) Squib box, used for carrying fuses or squibs in the mines for firing the shots. 
(59204. ) 

(10) Steel wedge, used in breaking up the coal. (59196.) 

(11) Sledge, form used in this mine for driving the wedge into thecoal. (59151.) 

(12) Seoop shovel, used inside of mine for loading mine wagons. (59156.) 

(13) Miner’s ticket, placed upon each car loaded by a given miner in order to get 
proper credit for his work. (59201.) 

(14) Ticket hook, to be fastened to the bottom of the coal car, and used to hold 
the ticket of the miner getting out the load. (59202.) 

(15) Sprag, new, oak, cigar shaped, 1s by 2 inches; used instead of a break by 
thrusting it between the spokes of the mine wagon wheels. (59154.) 

(16) Sprag, old, cigar shaped, 18 by 2 inches; used instead of a brake by thrusting 
it between the spokes of the mine wagon wheels. (59155. ) 

(17) Mine railway spike, form used for the mule road or tramway. (59200.) 

(18) Hand ax, a short-handled ax used for making cap pieces. (59157.) 

(19) Cap piece. wedge of wood driven in between the prop and roof, in breast of 
mine, to fasten the prop. (59158.) 


SEMI-BITUMINOUS COAL. 


Composition: 68 to 77 per cent. fixed carbon, 11 to 17 per cent. vola- 
tile matter, and 7 to 13 per cent. impurities, including water. 

There is little in the physical character to distinguish the semi-bitu- 
minous from the trus bituminous, except by an expert. On burning 
they yield a larger and more permanent flame than the semi-anthracite, 
but a shorter flame than the bituminous. Considering that they gradu- 
ate insensibly into the bituminous, it is to be expected that they would 
not differ materiallyin physical characters. Theyare liable to be found 
in any bituminous field, and have been largely mined in most of our 
bituminous areas. 

The semi-bituminous coals are illustrated by three collections. 

From the Long Valley Mine, Barclay, Bradford County, Pennsyl- 
vania, are shown a section of the vein, with a few accessories, and three 
characteristic photographs. 

The coal is of the following composition : 


Per cent. 
Water: 2 sceekase sso steam lee tesa 1. 990 
Volatilexmatter. 22 222- S22 acca eee hoe eee ee 18. 530 
Bixed carbon) 2c. Satce «Mececas eee oe ee eee eee 67. 423 
Sulphur -c-.-=---.< Seal atiber antes Saal acinsleeee eee eee 1.742 
SHS wyorcoon eae teen Cee = as aoe eos eee Ce eee 10. 315 

100. 000 
Phosphorous. 22 2\sscd ses cies woee teicem eciaws ele eee er = oe OOO 


(1) Top slate. (59070.) 

(2) Coal, top, from south gangway. (59068.) 

(3) Coal, top, from main west gaugway. (59069.) 

(4) Coal, bottom. (59067.) 

(5) Fire clay, bottom. (59071.) 

(6) Oak sprag, used instead of a brake by thrusting it between the spokes of the 
mine wagon wheels, both in and outside of mine. (59072. ) 
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VIEWS. 





| (1) A mule trip, a train of mine wagons hauled by a mule as it appears from the 

4 mouth of the drift on the way to the chutes. (59106.) (See pr. XXXII, ) 

) (2) Group of miners, in their working costumes as they emerge from the mouth 
of the drift on their way home. (59105.) (See pr. XXXII. ) 


(3) Coal plane, from foot. Used in transferring coal down the side of the moun- 
‘ tain to market. (59104. ) (See PL. XXXIV.) 
< From the Arnot Mine, Arnot, Tioga County, Pennsy! ranla, are shown 
| the coal and associates, together with some characteristic tools : 
' (1) Top Rock. (59248.) 
(2) Fire clay, taken from the roof. (59249, ) 
(3) Iridescent coal, commonly called peacock coal. (59246.) 
(4) Bony coal, found in the coal about 18 inches fron 
(59247. ) 
(5) Bottom rock. (59250. ) 
(6) Fossil, found in sandstone. (59244, ) 
(7) Fossil, found in bottom tire clay. (59243. ) 
(8) Anchor pick. (59236. ) 
(9) Bottom pick. (59237. ) 
(10) Rock drill, a ratchet drill or “‘ricketty,” made by the mine blacksmith and 
used for boring holes in the solid rock for a “shot.” (59240. ) 
(11) Hand sprag, a long sprag, used instead of a brake on mine 
thrusting it between the spokes of the wheels. (59239. ) 
(12) Sprag, used instead of a brake on mi 
spokes of the wheels. (59238. ) 
(13) Mule rail, a foot of 16-pound T rail, height, 12 inches. (59241. ) 
(14) Engine rail, a foot of 35-pound T rail, height, 3 inches 
since the introduction of locomotives. (59242. ) 


From Fall Brook Mine, Antrim, Tioga County, Pennsylvania, are 
shown a section of the vein and the outfit used by the miner: 


(1) Top rock. (59227.) 
. (2) Coal. (59225, ) 
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(3) Bottom rock. (59226. ) 


| The outfit worn by a miner in the semi-bituminous mines is 
by the following new suit: 
(1) Wool half hose. (59038. ) 
(2) Brogans, heavy double-soled, full Hungarian nailed. (59029, ) 
(3) Pantaloon overalls, made of white cotton duck. (59037.) 
(4) Woolen overshirt. (59041, ) 
(5) Sack coat, made of heavy blue denim. (59040. ) 
(6) Water-proof hat, with ear laps and lamp-holder. (59042. ) 
(7) Lamp, with double spout and lift top. (59044. ) 
(8) Oilean. (59036.) 
(9) Pocket oil flask. (59043. ) 
(10) Dinner can, (59047, ) 
(11) Water bottle, with screw top. (59045.) 
(12) Squib box. (59046.) 
(13) Steel pick. (59048, ) 


illustrated 


j 


BITUMINOUS COAL. 
Composition: 35 to 70 per cent. fixed carbon, 
tile matter, and 2 to 20 per cent. and 
cent. of impurities, including water. 


18 to 60 per cent. vola- 
, in exceptional cases, even 30 per 


| 
. . 
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The coals included under this head vary greatly in composition and 
physical characters. In general they are soft and dull in luster as com- 
pared with anthracite. Some of the cannel coals are almost sectile, and 
are earthy in luster. 

The specific gravity varies, but does not rise above 1.5. The fracture 
varies from conchoidal to cubic. They kindle easily and burn with a 
long, yeliow, and sometimes smoky flame. Bituminous coals are subdi- 
vided in several ways, and the following are the principal divisions: 
Coking, non-coking, cannei, and brown coal or lignite. 

Coking coals are soft and have a nearly cubic fracture. They give a 
long, yellow flame in burning and make a hot fire. Their chief char- 
acteristic, however, is that they soften when first heated, and yield a 
hard, sonorous, cellular coke on continued heating. 

Noncoking coals are bituminous coals, which do not yield a good coke 
on heating. They are divided ivto two principal varieties, cherry and 
splint. Cherry coal generally has a bright luster, but may be dull. 
It is very black and breaks easily into cubic masses. It ignites easily, 
burns with a yellow flame, and makes a hot fire. When left undis- 
turbed pieces retain their shape until entirely consumed. Its specific 
gravity is 1.20 to 1.30. Splint coal is dull black. It is harder and 
stronger than cherry, and has a slaty structure. It breaks readily 
lengthwise, but has a conchoidal cross fracture. It does not kindle 
easily and makes a dull fire, requiring care in its management. Its 
specific gravity varies from 1.25 to 1.40. 

Between the coking and non-coking coals there is frequently no chem- 
ical difference as shown by the ordinary methods of analysis. There is 
evidently some chemical difference, but it is not well understood. 

Cannel coal varies from gray to black. It is dull to resinous in 
luster with a slaty structure, and breaks with a conchoidal fracture. 
It kindles easily and gives along, yellow flame, which is frequently 
smoky. Pieces of it once ignited burn like a candle, whence its name. 
Its chief characteristic is the large amount of volatile matter that is 
given off on heating. On this account it is particularly valuable for 
gas making, and was formerly considered essential for that purpose. 
Formerly it was also used for the distillation of oils, but has now been 
replaced by petroleum. Cannel coal frequently contains a large per- 
centage of ash. 

Brown coal, as its name indicates, is brownish-black in color. Itis 
brittle and breaks with a cubic fracture. It burns easily and makes 
a good fire. It is more highly oxygenated than any of the other coals 
and contains 15 to 30 per cent. of oxygen. It occurs in formations 
more recent than the carboniferous. Lignite is a variety of brown coal, 
which still retains its woody structure. 

The typical coking coal of this country is that of the Connellsville 
basin of the Pittsburgh bed in Pennsylvania. The coal and the coke 
made from it are represented by the following analyses: 
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See explanation, page XVIIL) 
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Coal, Coke. 


Percent. Der cent. 





MEM ciate candid ine thc anhadtwns'e dik inne dw wee MR ae a dan 38 Gs aia be ie le dle Oe 1.105 0 030 
ee EET: Sen Le a Wiad ves caus dindd leche. cnnbvawarucnaceasecenctcoe 1 2S 88D 0. 460 
Eee. cud annus cages waeeaeboetbh «inssoepcaauas cannes cavare| Oi706 89, 576 
OLS ate avn wilwid Rein 8 Gn eon ae wee ua ew cinta Gee Coe sauh caducuidwenses 0, 805 9. 113 
COT ho 2g Ae Seis EC Ore a ee ee rata 4 , 1. 339 0, 821 
: 100. 00 100.00 





Analyst, MeCre ath. 

This coal is illustrated by a complete series from the H. C. Frick 
Coke Company, showing a section of the vein, metallurgical coke, and 
domestic coke in several sizes. 


COAL MINE. 


(1) Rock, above coal. (55493.) (4) Binder, 5 feet. (55492.) 
(2) Bituminous coal, run of mine. | (5) Rock, horseback. (55494.) 
(55490. ) (6) Rock, under coal. (55491.) 


(3) Binder, 3 feet. (55495. ) 
r CORE. 
in large pieces as drawn from the oven. 


(1) Forty-eight-hour coke, made in beehive oveus; used for the reduction and 
melting of iron and other metals. November, 1884. (55484. ) 

(2) Seventy-two-hour coke, made in beehive ovens; used for the reduction of iron 
and other metals. November, 1884. (55483.) 

The following five specimens represent the sizes as prepared by 
crushing and washing for general uses : 


(1) Egg. November, 1884. (55489.) (4) Pea. November, 1884. (25485.) 
(2) Stove. November, 1884. (55488. ) (5) Nut. November, 1884. (55486.) 
(3) Small stove. November, 1884. 

(55487.) 


The coking coals of the New River, West Virginia, region are rep- 
resented by a series of specimens from the Stone Oliff Mine at Stone 
Cliff, Fayette County, West Virginia. The composition of the coal and 
coke made from it are represented by the following analyses : 


| Coal. Coke. 

> | Per cent. | Per cent. 
ee Sed eee ee Saleh atts = whe Jaluy dw cnn dW acacks wan sundidsieeen's od *. GM. io. veneers 
wee Ala teen aw une ak weaken whe deieaae cae oosend G60 Tinincnaheak 
ae Oe soak ao ake et een che ai clade de hc A acs elt sos emus § Sx Hae ~ 7:00) Tice. weaawe 
Ch cee iawe CUWe GSEs aan san v andes ThA Waa Sock waewenut nandcedvehWunes a nee 0. 50 ate ame ae 
Pec Lenin toate Hc Ob onal cb hkh Guctciatbss skew sade cudibabuuuasanne spe [a0 isuadewuwan 
906.00) 3. oo 


The collection shows the average coal and a cross-section of the vein. 


(1) Bituminous coal, average specimen. (3) Bituminous coal, top. (59256.) 
(59260. ) (4) Bituminous coal, bottom, (59257.) 
(2) Fire clay, roof. (59258.) (5) Floor slate. (59259.) 
! 
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The coking coals of the Kentucky and Tennessee region are repre- 
sented by four specimens of coal and one of coke. 
(1) Peach Orchard Mine, Lawrence County, Kentucky. (56981.) Composition: 














Coal. Coke. 
Specificieravity 2 .o.s- See eee eee wes Ca eee 1. 295 1325 W287 0|- S3ec ee 
: Per cent. Per cent. | Per cent. Per cent. 
Wately cosas eed scc ceases se eee oe ne i eecie sac dacumes rides 3.20 | 3.30 3.90 5.10 
Wolatilesmatterl cose ae cet esas blue anes wee eee 37. 74 22. 70 36. 80 0. 90 
cudtcar bon, s2ece a eee eh sen eee ae 55. 06 | 64.46 | 56.30 | 90.06 
BANGS Fare sea tee al Seta pecs Sictote se cic Seale Sa abi traye wae Stor eraraclaew's Sic eee 4.00 | 9. 54 3.00 3.94 
| sere ee eee 
100. 00 | 100. 00 100. 00 100. 00 
DH PNULY. eco ot cae emaae scene Cees oats ee maa ocean a: seer = 0.720 1. 132 ie ( Ei al Se oeetesae 





(2) Captain Crogan’s Mine, Pulaski County, Kentucky. (56295.) Composition: 














Coal. Coke. 

Specific gravity............ isthe sejas See eae ey ween eecreser 1 236 4| 2 amos cree 1, 368 1. 988 

Per cent. | Per cent. | Per cent.| Per cent. 

WRCCL Moeime coes nen anateee cane se ok aeenee eee se ae eE eee 2. 20 1.40 1. 34 1. 600 

WiOlAtilosMmaLlercacac cdot ae te oto donee ee seeshaccaeeee 36. 20 36. 74 BonOGm eesee ons 
Bix edvearbons.=. cacweacnn oe sees ce ae eee ation see eae ee eee 53. 94 50. 24 58. 16 92. 00 
ARN scceas seas Salniseas Aone cee hc coalee acnakit emer etcle nie a aeee nae 7.66 | 11.62 7.44 6.40 
| 100. 00 100. 00 100.00 | 100.00 

DMO BWTie Usha te tee ce aicerce = Soca tke oat eee ae eee ee ! 0. 742 1. 201 0. 555 0. 665 





(3) Glen Mary, Scott County, Tennessee. (56367.) Composition: 














| Coal 
Per cent. 
IW EOY Ie oisle o siaysicic clos. =tein.ciene secrete = Hae we oes See Se cere eee ee eee ae a ee eee Smee 1,67 
Molatile matter... 5252). 0. cet dea tess He csc aces Satac sie cera a cio Eee see ee eens See ees 34. 53 
yxedicarbom-25-2--25+-s5-steee-= S sR DAE Sekt c gc afetee oe aec Ee eee Sa ema ieee re eee eee 61. 66 
PALS i gers aS aiocrtasn esa aekis of Steen see aah eerie uleielall ema cei ce SU AE RE OE nee eee act ae eS 2.14 
100. 00 
Silphune cose coaae we sens aeec yecee ache aeemiiee see ee Jeiee sab seal Salant eee eee eee 0. 88 
Phosphorus -..---..----- eee Sista mises Seno ana a ete en tate ara ee eo 0.039 
Analyst, Dewey. 
(4) Rockwood, Roane County, Tennessee. (54532.) Composition: 
Coal. 
Per cent. 
SWiGlOD eras foe sm ea eet Hinsetels s/w aiwich = eicverniavete sia lareeinisimiete tere aretate aiateiie nie alate oie eter a ae eee 1.75 
Volatile: matter. 2. -s~—nsacilet aseismic en ene arcane <= se eee Seer eee toa os Sus ee ee mneee eee 26. 62 
Wixedicarbon sce. = .-s- secs suice ss aescan esses es een eeE L Sat mwiaielacierere ste See “hs. ee 60. 11 
PAS eee one eaee capecames sseon scence eae scepeeees <wdetied Shanes cue was sseaee eee sab sroskees 11. 52 
100. 00 
Salpher Soscre tos anit bacon see ema oe eee cae heme otes sais ESSE SoaS as Shee eee eee eee eee 1,49 





Analyst, Dewey. 
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COAL PLANE; LOADED CAR DESCENDING AND EmMPTy CAR ASCENDING SIDE OF MOUNTAIN. 


(See explanation, page XVIIL) 
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The variety of non-coking bituminous coal, called cherry, is repre- 
sented by a single specimen. 


(1) Block coal. Carbon Mine, Clay County, Indiana. (5942%.) Composition: 


Per cent. 





ee ee ee au bio wen dsnnvace’deWeneiscu 3.5 
ICP Se. oo a ee be ee cane nnd ahouwcee 32,5 

RTM SOON ite at es dn ee winks ao Se ww min hoot 61.5 

¥ Ash itt tun Cue abdnwesatbhasin wane @eaSee Sb eeesn owee » dow = 9.5 
100.00 


The splint variety of non-coking bituminous coal is represented by 
two collections. 

A section of the Crescent Mine, Crescent, Fayette County, West Vir- 
ginia, shows: 
(1) Slate, top. (592L0.) (4) Fire clay, bottom. (59209.) 
(2) Gascoal. (59207.) (5) Salphur, iron pyrite. (59211.) 
(3) Splint coal. (59208.) 

The Winifrede Mine, Kanawha County, West Virginia, is represented 
by: 
(1) Coal, top. (59252.) | (3) Fire clay. (59254.) 
(2) Coal, bottom, (59253.) 

The cannel coals are represented by specimens from West Virginia, 


Kentucky, and Indiana. 
y (1) Cannelton Mine, Kanawha County, West Virginia. (59435.) Composition : 





Per cent. 
Volatile matter............. DAtra rian eae eS Een ne 58. 00 
PERMERIEOECRION ee BENS oo a Wee eet ocelot ait: eae oS 23.50 
PEIRCE cA as go ode oie on mn Scie ca dane eam eae 18. 50 
100, 00 


(2) Frozen Creek Mine, Breathitt County, Kentucky. (56291.) 

(3) Hunnewell Mine, Greenup County, Kentucky. (56282.) 

(4) Near Ely’s, Knox County, Kentucky. (56280.) 

(5) Means & Russell Mine, Everman’s Creek, Carter County, Kentucky. (56293.) 
(6) Buena Vista Furnace Mine, Boyd County, Kentucky. (56284,) 


Kentucky Cannel Coal. 


56, 291 56, 282 56, 280 56, 293 56, 284 











Specific gravity ........... py a Se pees eee | 1.180 de ee 1. 360 

| Per cent.| Per cent. | Per cent. Per cent. Per cent. 

MRO et SoS cnn edt Ganul cckaesiwndnddessonsnss | L20 |; 1.50 SOY tye e asc: 3. 20 
PM IRM sw awine tnwds dene nas ens vucne ni 58, 80 52. 20 BO Peccanudo es 32. 30 

, UNUMIMGEL Gah a edabecied incre as0%scckecss- 35, 30 40. 60 | O10 Toacccree: 52. 00 
NR Chis tn nnt at du edupwedics avincdhwwdacmhah'sdan 4.70 5. 70 GOOG [isenencns 11. 50 
[00.00] to0r00 | 200,00 |scczeccs-] donee 


Gadel chs cule rss Sékgnansupeya clans. literueenes 0. 780 ts DOs 5 pena cas 1, 949 
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(7) Buckeye Cannel Coal Company, Daviess County, Indiana.  (59990.) Compu- 
sition : 


Per cent. 

Water ine oo soe ae rears teste coe a etna heen petnaaate eames 3.0 
Volatileimatter 2 ee econo. soc cece cena Ee eee 51.0 
Rixedscarbony=s-ee-eeee eek See eee ee ae Oe eee 40.0 
AST ecg 3c Sore deen eA ae oie to Sen ree rere nc 6.0 
100. 0 


The occurrence of two varieties of bituminous coal in one vein is 
illustrated by a section of the Paint Creek Mine, Paint Creek, Kanawha 
County, West Virginia. 


(1) Sandstone. (54233.) | (4) Splint coal. (54236.) 
(2) Roof, gray slate. (54234.) | (5) Cannelcoal. (54237.) 
(3) Roof, black slate. (54235.) | (6) Bottom slate. (54238. ) 


The brown coals are represented by six specimens. 


(1) tna mine, Chesterfield County, Virginia. (59262.) Composition : 





Per cent. 

Volatile matter”)... <2.5. SS. Seis choca ne eee eee 28. 80 
Fixed Carbon.cssao. ees ees eee aes ae See Se Sear 66. 60 

AB kee ie See es Ned Se Se Ee ep are 5 eng are ee 4. 60 
Analyst, Clemson. 100. 00 


(2) Deep River, Chatham County, North Carolina. (56334.) Composition: . 





Per cent. | Per cent. 


Va LOT eee erecta cok oioiee seem acne chins Tee EDs Se ee oe ace eee seme | 1.79 1.95 
Volatile matters 22-25 52 cece esas melas eee See be leet Seam nebo ciee Saeco eaeeameee Ae te BE 30. 54 
ixGd CALDON = oo .5 oes st saat ha ce paseo} = seen oo ceinemclse es eee aia eee Tea 58. 30 58. 47 
ES EN ey ae ope eee ct te een eet les sh at eee team ef mel ind Me ren lh fein cen laa et | 7.46 6. 85 
Sulphor .- .--.2. 2-005. oe ewe enc eee ee enn ee nnn wenn nnn e conse een ncn =- | 2. 89 2.19 


| 100.00 | 100.00 


(3) Eastland County, Texas. (56551.) 

(4) Lignitie, showing traces of the original woody structure. Golden Colliery, 
Golden, Jefferson County, Colorado. (4795.) 

(5) Lignite, showing distinctly the original woody structure. Lower Potomac 
formation. From log imbedded in the bank of the Dutch Gap Canal, 20 miles below 
Richmond, Virginia. (59978. ) 

(6) Lignite, showing distinctly the original woody structure. Lower Potomac 
formation. From near Dutch Gap Canal, Virginia. (59979.) 


PEAT. (TURF.) 


Closely connected with the coals and in fact forming the end of the 
series stands peat. This is a bog or marsh formation of very recent 
origin. It consists of the remains of sphagnous mosses which have the 
property of dying at the roots as they grow upwards. In this way 
immense deposits have been formed. By the pressure of the moss and 
by gradual changes the material is converted into a brownish black, im- 
perfect coal, retaining many evidences of the original vegetation. It 
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frequently contains large amounts of mineral matter, mainly sand that 
was blown onto the growing moss. Large deposits are found in [reland. 
It is used as a fuel and also as a fertilizer. Although its fuel value 
is low, when it occurs in regions destitute of other fuels it becomes 
very useful. This is the case in several northern countries. 

Peat is illustrated by a single specimen from a northern island where 
there is no coal or wood, driftwood being the only fuel for the natives. 


(1) Commander Island, Behring Sea, east of Kamchatka. (59320. ) 
* The thoroughly air dried material showed on analysis : 





Per cent. 

RAI eee hore Le ea eon oe Oe ek nicd scanned qu.sedmne 7. 60 
OER ES UU Rad. ee ce wee Pacis hele shel wana ose ake oes 51.97 
PIC CDRIO SR eects Pinte ete oe ab ok wc ciao pha oad ae ohare 22. 06 
eR te ng ee ee ck es pc edluns enw anes e 18, 37 
100, 00 


Analyst, Dewey. 
BITUMEN SERIES. 


Under this head is grouped the series of hydrocarbons beginning 
with the solid asphaltum and following through semi-solids to liquid 
petroleum and ending with natural gas. The members of this series 
consist of mixtures of various hydro-carbons, many of which contain 
much oxygen. The solids naturally graduate into the liquids and the 
liquids frequently change into the solids through the loss of volatile con- 
stituents, and sometimes by the absorption of oxygen. 

The physical condition is often affected by temperature, and a speci- 
men that is solid in winter may be semi-solid or even liquid in summer. 
Most of the specimens, particularly of the solids, are black or dark 
colored; but many of the petroleums are light colored, while natural 
gas is generally colorless. 


SOLID BITUMENS. 
ASPHALTUM. 


Composition: A mixture of various hydrocarbons. 

It is amorphous, and the specific gravity varies from 1 to 1.8 or more, 
depending uponimpurities. It has a characteristic luster and odor. Lt 
is black in color and melts at 90° to 100° ©, 

It is found in rocks of all ages, but there are only a few deposits of 
large extent. The most noted locality is on the island of Trinidad, 
where there is a lake of it 14 miles in circumference, which is hot and 
liquid in the center, but grows cold and hard toward the edge. Large 
quantities are taken from this lake. 

The principal use of asphalt is in making pavements for roads and 
walks. It is illustrated by two specimens: 


(1) In trap rock. Hartford, Connecticut. (59934.) 
(2) Massive. Island of Trinidad. (10678.) 


‘ 
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Albertite is a variety of sclid bitumen which is regarded as being 
dried and oxygenated petroleum of the following general composition: 


Per cent. 
Carbon: 2260055 Let Sater ets coed sacieae Gone beeeaera tee 86.04 
Hydrogen. 322 as ree eiens eet tos seine See ae ee eco 
Oxy geno 22. co Sse ee et Sc 52s Se eee oe ee eee 197 
INDEPO REN oie Ae eee Meese ioe ae ee aerate re ne 2.93 
Ate 5.2: Se ete oe eee re He eC eer Bee ee eee 0.10 


It was formerly used for the distillation of oils for illuminating pur- , 
poses, but since the discovery of petroleum it has ceased to be valuable 
for that purpose. It is illustrated by a single specimen : 

(1) Albertite. New Brunswick, Canada. (59935.) 

Uintite is a variety of bitumen having the following composition : 


ea cere bale tard hall iy eA ee SA Ae Se moe noo -aSarembaedec anc6 1. 062 1. 065-1. 07 





Per cent. Per cent. 

Wanbon ner pec cce scutes Se sates cnee See eae see mao ae see 80. 88 78.43 

ELV GOP ON a2) eicie tee eisimnic avec wlan = oe eae an anaes ae ieee 9. 76 10. 20 

INT CLOG ONS <2 wa. Saute on se ciee se eee ee Some ol bouasameesosaeoeie 3. 30 2.27 

Oey OC Tae ee eee ne seater sere aa ane eae eel teeter 6. 05 8.70 

UGH Yao aneah o seaa cab ede safecees eaterh cpine eae Seat eee 0.01 9. 40 

100. 00 100. 00 

AMAIV BIS foo = jesse uiceUaecams tee caees lsaueenetasas Savoie soa Dr. T. M. Drown. | Fristoe & Lawver. 
| 


It is illustrated by a single specimen : 
(1) Uintite. Uintah, Weber County, Utah. (59471.) 


LIQUID BITUMEN. 


PETROLEUM. 


Composition: A mixture of various hydrocarbons of the marsh-gas 
and ethylene series and the paraffins. 

It varies in specific gravity from 0.92 to 0.75. It is generally liquid, 
but hardens on exposure to the air, generally on account of oxidation, 
to semi-solid or even solid asphalt. It also thickens upon exposure to 
cold. Petroleum varies in color from black through many shades of 
brown, green, and red, to very light yellow. 

The most generally accepted theory of the origin of petroleum is 
that it has resulted from the decomposition of animal and vegetable 
matter. It is found in rocks of all ages, from the oldest to the youngest, 
wherever circumstances have favored its collection and storage by nat- 
uralagencies. It generally collects in an open, porous rock, sandstone 
or limestone, below an impervious cover of shale or slate. Small 
amounts of petroleum have been used for ages in medicine, particularly 
as a liniment. By far the largest amount is used for the preparation 
of illuminating oils, in which operation a considerable number of 
other valuable products are also formed. Where it is abundant and 
cheap it has also been used as a fuel. 

Petroleum has been produced in large amounts in the United States 
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since 1860, and its occurrence is very fully illustrated by a large collee- 
tion prepared by Prof. 8, F. Peckham in connection with a report for 

the Tenth Census. A copy of this report will be found on the table in 
the exhibition ball and should be consulted in connection with the 
specimens. This collection is,in some cases, supplemented by speci- 
mens from other sources. 

The Tenth Census collection was originally arranged and treated 
“upon a geograpical basis, but for Museum purposes several series have 
been selected from the geographical series to illustrate certain points. 

The first series is arranged to show gradually decreasing specific 

gravity. The series begins with a very dark oil of 22° Baumé=0,9210 
specific gravity. In general as the specific gravity decreases the color 
grows lighter. To this, however, there are several notable exceptions. 
For instance, No. 59736 (32° Baumé=0.8641 specific gravity) is much 
lighter than its associates. The same is also true of No. 59735 (45° 
Baumé=0.8000 specific gravity) and No. 59743 (47° Baumé=0 7909 

. Specific gravity). On the other hand No. 59506 (48° Baumé=0.7865 
specific gravity) and 59591 (484° Baumé=0.7854 specific gravity) are 
darker than their associates, while the color of No. 59584, with the very 
low gravity of 504° Baumé=0.7755 specific gravity,is as dark as any 
member of the series. 

The best and almost the only way to get an idea of the specific 
gravity of the specimens, short of making a direct determination, is to 
tip the bottle on the side and observe the rate at which the film, that is 
formed on the glass when the bottle is returned to the perpendicular, 
flows back. In this respect the series shows a gradual change. The 
heavy oils take some time to flow back, while the lightest flows back 
almost instantly. . 

(1) 22° Baniné=0.9210 specific gravity, dark greenish. Colorado. (59741.) 

(2) 234° Baumé = 0.9120 specific gravity, black. From the Trenton limestoue. 
J. W. Mitchell Well. Plum Lick Creek, near Middletown, Bourbon County, Ken- 
tucky. (59594.) 

(3) 27° Baumé = 0.8917 specific gravity, black. From the millstone grit (Carbon- 
iferous). Lem Beck Well, near Volcano, Wood County, West Virginia. (59553. ) 

(4) 282° Baumé = 0.8833 specitic gravity, black. From the millstone grit (Carbon- 
iferous), near Volcano, Wood County, West Virginia. (59555.) 

(5) 29° Baumé =0.8805 specific gravity, black. Brockin Well, Johnson County, 
Kentucky. (59597. ) 

(6) 30° Bauiné = 0.8750 specific gravity, black. From the millstone grit (Carbon- 
iferous), near Voleano, Wood County, West Virginia. (59557.) 

(7) 314° Baumé = 0.8668 specific gravity, dark greenish. Broward Well, Johnson 
County, Kentucky. (59598.) ; 

(8) 324° Baumé = 0.8614 specifie gravity, dark greenish red. Greensburgh, West- 
moreland County, Pennsylvania. (59736.) ° 

(9) 33° Baumé =0.8588 specific gravity, black. From the Trenton limestone. 
Taskin Well, near North Baltimore, Wood County, Ohio. (59566.) 

(10) 34° Baumé = 0.8536 specific gravity, black. Oil in sand, here 23 feet in thick- 
ness; depth of well 551 feet; drilled 1577; torpedoed ; yielded 3 barrels of oil on 
first day of flow, Lot 4823, Howe, Forest County, Pennsylvania, (59°05. ) 
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(11) 35° Baumé = 0.8484 specific gravity, black. From the first sandstone of the 
Great Conglomerate (Upper Carboniferous). Well No. 6, West Virginia Oil and Oil 
Land Company, White Oak district, Ritchie County, West Virginia. (59857.) 

(12) 36° Baumé — 0.8433 specifie gravity, dark greenish. From the first sandstone 
of the Great Conglomerate (Upper Carboniferous). Oil in sand. Well No. 7, West 
Virginia Oil and Oil Land Company, White Oak district, Ritchie County, West Vir- 
ginia. (59858. ) 

(13) 37° Baumé — 0.8383 specific gravity, black. Oil in limestone, here 50 feet in 
thickness; depth of well 1,321 feet; drilled 1855; torpedoed ; yieided 50 barrels of 
oilon first day of flow. Brick Yard Well, Findlay, Hancock County, Ohio. (59807.) 

(14) 38° Baumé = 0.8333 specific gravity, darkgreenish. From the first sandstone 
of the Great Conglomerate (Upper Carboniferous). Oil in sand. West Virginia Oil 
and Oil Land Company, White Oak District, Ritchie County, West Virginia. (59860. 

(15) 39° Baumé = 0.8284 specific gravity, dark greenish red. From Clarion County 
sand ; depth of well 860 feet ; drilled 1883; torpedoed ; yielded 2 barrels of oil on first 
day of pumping. Cumming’s Well No. 1, Cumming’s Farm, Tionesta, Forest County, 
Pennsylvania. (59816.) 

(16) 40° Baumé = 0.8235 specitic gravity, dark greenish. Bradford County, Penn- 
sylvania. (59734.) 

(17) 41° Baumé 0.8187 specific gravity, dark greenish. Parker County, Pennsyl- 
vania. (59733.) 

(18) 42° Baumé — 0.8139 specific gravity, dark greenish. From the third sandstone 
of the Petroleum Measures (Venango). Black Gas Well, Pleasantville, Venango 
County, Pennsylvania. (59580.) 

(19) 43° Baumé = 0.8092 specific gravity, dark greenish red. Oil-bearing sand 
here 20 feet in thickness ; depth of well 1,855 feet; drilled 1883; torpedoed; yielded 
2,200 barrels of oil on first day of flow. Reno Well No. 1, Cooper tract, Sheffield, 
Warren County, Pennsylvania. (59765. ) 

(20) 44° Baumé=— 0.8045 specific gravity, dark greenish. Bullion district, Warren 
County, Pennsylvania. (59737.) 

(21) 444° Baumé = 0.8023 specific gravity, dark greenish. From third sandstone 
of the Petroleum Measures (Venango). Sand here, 14 feet in thickness. Oil in sand; 
depth of well 708 feet; drilled 1868; torpedoed; yielded 330 barrels of oil on first 
day of flow. Well No. 6, Hamby Farm, Rockland, Venango County, Pennsylvania. 
(59788. ) 

(22) 45° Baumé = 0.8000 specific gravity, dark amber. Clarion County, Pennsyl- 
vania. (59735.), 

(23) 454° Baumé=— 0.7977 specific gravity, dark greenish red. Thom Creek district, 
Butler County, Pennsylvania. (59746.) 

(24) 46° Baumé = 0.7954 specific gravity, dark greenish. Foxburgh, Clarion 
County, Pennsylvania. (59/39.) 

(25) 464° Baumé = 6.7932 specific gravity, black. Depth of well 660 feet; drilled, 
1866; yielded 600 barrels oil first day of flow. Well No. 184, Burtes lease, Allegheny 
County, Pennsylvania. (59769.) 

(26) 462° Baumé = 0.7921 specific gravity, black. From the third sandstone of the 
Petroleum Measures(Venango). Titusville, Venango County, Pennsylvania. (59507. ) 

(27) 47° Baumé = 0.7909 specific gravity, dark amber. Smith’s Ferry, Allegheny 
County, Pennsylvania. (59743.) 

(28) 474° Baumé —0.7887 specific gravity, dark greenish red. From the first sand- 
’ stone of the Petroleum Measures(Venango). Beck Well, near Pleasantville, Venango 
County, Pennsylvania. (59583. ) 

(29) 472° Baumé = 0.7876 specific gravity, dark greenish red. From the fourth 
sandstone of the Petroleum Measures: oil in sand; depth of well 14 feet; drilled 
1871; torpedoed; yielded 900 barrels of oil on first day of flow. Well No, 1, farm of 
J, Blaney, Fairview, Butler County, Pennsylvania, (59799. ) 
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(30) 48° Baumé = 0.7865 specific gravity, black. Webb Oil Company, Taskill, Ve- 
nango County, Pennsylvania, (59506. ) 

(31) 484° Baumé — 0.7543 specific gravity, dark greenish. From the third sandstone 

of the Petroleum Measures (Venango). Cogley Field, Ashley, Clarion County, Penn- 

sylvania. (59591.) 

(32) 483° Baumé = 0.7832 specific gravity, dark amber. Oil in sand, here 16 feet in 
thickness; depth of well 1,025 feet; drilled 1878; torpedoed; yielded 20 barrels of 
oil on first day of flow. Well No. 1, Lot No. 55, Mead, Warren County, Pennsylvania. 
(59780. ) 

(33) 49° Baumé — 0.7521 specitic gravity, light greenish red. Oil in sand; depth 
of well 1,254 feet. Tiona Oil Company, Warren County, Pennsylvania. (59514.) 

(34) 50° Baumé — 0.7777 specific gravity, light greenishred. Oil in sand, here 50 
feet in thickness. Cameron Well, Smith Pool, Washington County, Pennsylvania. 
(59589. ) 

(35) 503° Baumé = 0.7755 specific gravity, black. Haskell Well, Wigglesworth 
Tract, Venango County, Pennsylvania. (59584. ) 

(36) 51° Baume’ — 0.7734 specific gravity, light greenish yellow. Oil in sand 
here 50 feet in thickness. Nicholas Well, Vanceville, Washington County, Pennsyl- 
vania. (59600. ) 

(37) 54° Baumé — 0.7608 specific gravity, dark amber. Oil in sand; depth of 
well 2,113 feet; drilled 1885; torpedoed; yielded 15 barrels of oil on first day of 
flow. Gantz Well No. 1, Little Washington, Washington County, Pennsylvania. 
(59777. ) 


The following series of twelve specimens illustrates the principle va- 
riations in color. The series may be divided into two portions, begin- 
ning with a thoroughly black specimen and following through inereas- 
ing amounts of green and red to a light greenish yellow in the first por- 
tion, and in the second beginning with a dark red and following through 
to a light straw, in which the greenish element of the color does not 
appear. 


(1) Black. Bear Creek, Burkesville, Cumberland County, Kentucky. (59832.) 
(2) Black, tinged with green. Mecca, Trumbull County, Ohio. (59757.) 
(3) Dark greenish. Anchor Well No. 3, Glade, Warren County, Pennsylvania. 


(59761. ) 
(4) Dark greenish red. Dale Brothers’ Well No. 1, Batten Farm, near Rockland, Ve- 


nango County, Pennsylvania. (59767.) 

(5) Dark greenish red. Kane, Armstrong County, Pennsylvania. (59752.) 

(6) Light greenish red. Gordon Well, Washington, Washington County, Pennsyl- 
vania. (59526.) 

(7) Greenish yellow. Leedecker Well, Butler County, Pennsylvania, (59750. ) 

(8) Dark red. New Brinker Well, Pleasant Valley, Westmoreland County, Penn. 
sylvania. (59520. ) 

(9) Light red. Galtz Well, Washington, Washington County, Pennsylvania, 
(59527. ) 

(10) Amber. Hess, Sackett & Eichner Well No. 1, Reidsburgh, Clarion County, 
Pennsylvania. (59581. ) 

(11) Yellow. Riggs Gas Well, Moundasville, Marshall County, West Virginia, 
(59579. ) 

(12) Light straw. Farm of J. Somerville, near Brady's Bend, Armstrong County, 
Pennsylvania. (59494. ) 


The following series shows the occurrence in different geological for- 
mations arranged in a generally descending order. There is a certain 
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amount of overlapping, however, between the West Virginia and 
Pennsylvania series, since the oil-bearing strata in these two States 
have not been correlated. 

The West Virginia and Pennsylvania series have been arranged 
according to the generalized sections given by Professor Peckham in 
PL. VIII, facing page 46, and PL. Vv, facing page 50 of the Tenth Census 
report: 


(1) From the Tertiary sandstone. Dark greenish. Pico district, Los Angelos 
County, California, (59552.) 

(2) From the Tertiary sandstone. Black; specific gravity 23.5° Baumé. Oil 
Springs, Nacogdoches, Nacogdoches County, Texas. (59571.) 

(3) From the Cretaceous formation. Dark greenish. Cafion City, Fremont County, 
Colorado. (59548. ) 


The following eighteen specimens are from the West Virginia oil 
field. Their location in depth is referred to the Crinoidal limestone as 
a datum line. 


(1) 50 feet above the Crinoidal limestone. Black; specific gravity 28° Baumé. 
Oilin sand ; depth of well 56 feet; drilled 1859 ; not torpedoed ; yielded 100 barrels of 
oil on first day of pumping. Well No.1, Dutton farm, Aurelius, Washington County, 
Ohio. (59855. ) 

(2) 100 feet below the Crinoidal limestone. Dark greenish. Oil in sand; depth 
of well 150 feet; drilled 1882; torpedoed; yielded 10 -barrels of oil on first day of 
pumping. Farm of Frank Atkinson, Aurelius, Washington County, Ohio. (59584.) 

(3) 200 feet below the Crinoidal limestone. Black. Oilin sand; depth of well 
160 feet; not torpedoed. Rathbone oil tract, Burning Springs district, Wirt County, 
West Virginia. _ (59837.) 

(4) 250 feet below the Crinoidal limestone. Dark greenish. Oil in sand; depth 
of well 350 feet. Well No. 6, farm of George Rice, Aurelius, Washington County, 
Ohio. (59853.) 

(5) 300 feet below the Crinoidal limestone. Black. Oil insand ; depth of well 275 
feet. Rathbone oil tract, Burning Springs district, Wirt County, West Virginia. 
(59838. ) 

(6) 450 feet. below the Crinoidal limestone. Dark greenish. Oil in sand; depth of 
well 500 feet; drilled 1865; torpedoed ; yielded 8 barrels of oil on first day of pump- 
ing. Well No.1, farm of George Rice, Aurelius, Washington County, Ohio. (59852.) 

(7) 650 feet below the Crinoidal limestone. Black. Oil insand ; depth of well 800 
feet; not torpedoed; yielded 5 barrels of oil on first day of pumping. Newton 
Farm, Aurelius, Washington County, Ohio. (59850.) 

(8) 820 feet below the Crinoidal limestone. Black. Oilinsand; depth of well 840 
feet. Petty Farm, Burning Springs district, Wirt County, West Virginia. (59839.) 

(9) 930 feet below the Crinoidal limestone. Dark greenish; specific gravity 28° 
Baumé. Oilinsand; depth of well 400 feet. Volcanic Coal and Oil Company, White 
Oak district, Ritchie County, West Virginia. (59844.) 

(10) 950 feet below the Crinoidal limestone. Black; specific gravity 29° Baumé. 
Oilin sand; depth of well 450 feet. West Virginia Oiland Oil Land Company, White 
Oak district, Ritchie County, West Virginia. (59842.) 

(11) 950 feet below the Crinoidal limestone. Dark greenish; specific gravity 40° 
Baumé. Oil in sand; depth of well 400 feet. West Virginia Oil and Oil Land Com- 
pany, White Oak district, Ritchie County, West Virginia. (59848.) 

(12) 960 feet below the Crinoidal limestone. Dark greenish; specific gravity 33° 
Baumé. Oil in sand ; depth of well 380 feet. Volcanic Oil and Coal Company, White 
Oak district, Ritchie County, West Virginia. (59847.) 


| 
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(13) 980 feet below the Crinoidal limestone. Dark greenish; specific gravity 30° 
Baumé, Oil in sand; depth of well 400 feet. Voleanic Oil and Coal Company, 
White Oak district, Ritchie County, West Virginia, (59843.) 

(14) 980 feet below the Crinoidal limestone. Dark greenish; specific gravity 31° 
Baumé. Oil in sand; depthof well400 feet. Volcanic Oil and Coal Company, White 
Oak district, Ritchie County, West Virginia. (59845.) 

(15) 1,100 feet below the Crinoidal limestone. Dark greenish; specific gravity 
47° Baumé. Oil in sand; depth of well 1,100 feet. Gracy Lease, Burning Springs 
district, Wirt County, West Virginia. (59840,) 

(16) 1,100 feet below the Crinoidal. limestone. Black ; specific gravity 27° Baumé, 
Oil in sand; depth of well 650 feet; drilled 1881. Well No.1, Voleanic Oil and Coal 
Company, Sand Hill district, Wood County, West Virginia. (59841.) 

(17) 1,350 feet below the Crinoidal limestone. Amber; specific gravity 39° Baumé. 
Oil in sand; depth of well 1,350 feet; drilled 1880; torpedoed; yielded 18 barrels 
of oil on first day of flow. Well No. 14, farm of George Rice, Aurelius, Washington 
County, Ohio. (59851.) : 

(18) 1,500 feet below the Crinoidal limestone. Dark greenish ; specific gravity 50° 
Banmé. Oil in sand; depth of well 1,000 feet. Gale tract, White Oak district, 
Ritchie County, West Virginia. (59849. ) 

The following twenty-eight specimens illustrate the occurrence at 
different depths in the Pennsylvania field: 


(1) 180 feet below the Pittsburgh coal bed. Light greenish red ; specific gravity 
34° Baumé. Bailey farm, Dunkard Creek, Greene County, Pennsylvania. (59536.) 

(2) 460 feet below the Pittsburgh coal bed. Greenish red; specific gravity 35° 
Baumé. Maple Well, Dunkard, Greene County, Pennsylvania. (59577.) 

(3) 480 feet below the Pittsburgh coal bed. Dark greenish red; specific gravity 
35° Baumé. Garrison Well, Dunkard, Greene County, Pennsylvania. (59578.) 

(4) 650 feet below the Pittsburgh coal bed. Drilled in 1885, and only a few gallons 
of oil were obtained; light greenish red. Clark’s farm, Washington County, Penn- 
sylvania. (59523.) 

(5) ‘Mountain Sand” of the Petroleum Measures (Lower Carboniferous). Dark 
greenish red. Manifield Well No. 1, Washington County, Pennsylvania. (59519.) 

(6) 1,400 feet below the Pittsburgh coal bed. Light greenish red. Huskill Well, 
Mount Morris, Greene County, Pennsylvania. (59534.) 

(7) From the first sandstone of the Petroleum Measures (Venango). Total yield of 
well 25 barrels of oil; dark greenish; specific gravity 41° Baumé. McKeesport, 
Allegheny County, Pennsylvania. (59582.) 

(8) From the first sandstone of the Petrolenm Measures (Venango). Sand here 16 
feet in thickness; oil in sand; depth of well 337 feet; drilled 1870; torpedoed ; 
yielded 225 barrels of oil on first day of pumping; black ; specific gravity 32° Baumé, 
Well No. I, farm of J. Blakely, Sugar Creek, Venango County, Pennsylvania. 
(5975 1.) 

(9) From the second sandstone of the Petroleum Measures (Venango). Sand here 
38 feet in thickness; oil in sand; depth of well 583 feet; drilled 1872; torpedoed ; 
yielded 2 barrels of oi) on first day of pumping; black ; specific gravity 43° Baumé. 
Well No. 3, farm of Jennings & Ralston, Jackson, Venango County, Pennsylvania. 
(59774. ) 

(10) From the second sandstone of the Petroleum Measures (Venango). Dark 
greenish; specific gravity 47° Baume. Haskell Well, Allegheny, Venango County, 
Pennsylvania. (59585. ) 

(11) From the second sandstone of the Petroleum Measures( Venango). Sand here 
50 feet in thickness; oil in sand; depth of well 855 feet; drilled 1862 ; torpedoed ; 
yielded 1} barrels of oil on first day of pumping. Dark greenish: specific gravity 
42° Baumé. Cumming’s Well, Holliday Run farm, Oil City, Venango County, Penn- 
sylvania. (59813.) 

YLlO—No, 42——16 


242 BULLETIN 42, UNITED STATES NATIONAL MUSEUM. 


(12) From the second sandstone of the Petroleum Measures (Venango). Sand here 
20 feet in thickness; oil in sand; depth of well 1,875 feet ; drilled 1883; torpedoed ; 
yielded 550 barrels of oil on first day of flow. Dark greenish red; specific gravity 
on sample collected August, 1885, 40%° Baumé. Anchor Well No. 3, Cooper tract, 
Sheffield, Warren County, Pennsylvania. (59763. ) 


(13) From the gray sandstone of the Petroleum Measures (Venango.) Dark greenish. 


Fisher Well No. 3, Gates, Venango County, Pennsylvania. (59904.) 

(14) From just above the third sandstone of the Petroleum Measures (Venango). 
Sand here 22 feet in thickness; oi] in sand; depth of well 1,076 feet; drilled 1885 ; 
torpedoed ; yielded 18 barrels of oil on first day of pumping. Dark greenish; spe- 
cific gravity 49° Baumé. Well No. 5, Diamond farm, Cranberry, Venango County, 
Pennsylvania. (59795.) : 

(15) From the third sandstone of the Petroleum Measures (Venango). Sand 18 
feet in thickness; oil in sand; depth of well 957 feet ; drilled 1885; not torpedoed ; 
yielded 35 barrels of oil on first day of pumping. Black ; specific gravity 484° 
Baumé. Well No. 1, Heckerthorne farm, Cranberry, Venango County, Pennsyl- 
vania. (59815.) 

(16) From third sandstone of the Petroleum Measures (Venango). Black; specific 
gravity 48° Baumé. Sackett & Eichner Well No. 4, Taskell Field, Cranberry, Ve- 
nango County, Pennsylvania. (59587.) 


(17) From the third sandstone of the Petroleum Measures (Venango). Sand here ~ 


25 feet in thickness; oil in sand; depth of well 490 feet; drilled 1864; torpedoed; 
yielded 600 barrels of oil on first day of flow. Dark greenish; specific gravity on 
sample collected August, 1835, 394° Baumé. Hammond Well No. 1, farm of John 
Steele or ‘*Coal Oil Johnny,” Cherry Tree, Venango County, Pennsyivania. (59790.) 

(18) From the third sandstone of the Petroleum Measures. Sand here 13 feet in 
thickness; oil in sand; depth of well 1,180 feet; drilled 1875; torpedoed; yielded 45 
barrels of oil on first day of pumping. Greenish brown; specific gravity on sample 
collected September, 1885, 4749 Baumé. Well No. 1, Fletcher Farm, Parker, Butler 
County, Pennsylvania. (59798.) 

(19) This was the first well drilled for oil, and oil was found at the depth of 693 feet 
in one of the ‘‘ mountain sands ;” afterwards deepened to the third sandstone of the 
Petroleum Measures (Venango). Depth of well 500 feet; drilled 1859; not torpedoed; 
yielded 10 barrels of oil on first day of flow; afterwards yielded 40 barrels on first day 
of pumping. Dark greenish; specific gravity on sample collected March, 1885, 403° 
Baumé. Drake Well, Pennsylvania Rock Oil Company, Cherry Tree, Venango 
County, Pennsylvania. (59768. ) 

(20) From third sandstone of the Petroleum Measures (Venango). Sand here 35 feet 
in thickness; oil in sand; depth of well 1,685 feet; drilled 1885; torpedoed; yielded 
7,000 barrels of oil on first day of flow. This well was unproductive until torpedoed. 
After shot was fired, and before the well could be brought under control it was esti- 
mated that from 12,000 to 19,000 barrels of oil were produced in the first 24 hours. 
Dark greenish red; specific gravity 48° Baumé. Well No. 1, Marshal, Penn, Butler 
County, Pennsylvania. (59782. ) 

(21) From third sandstone of the Petroleum Measures. Sand here 60 feet in thick- 
ness; oil in sand; depth of well 950 feet ; drilled 1872; not torpedoed; yielded 50 
barrels of oil on first day of flow. Dark red; specific gravity on sample collected in 
1873, 514° Baumé. Ross Farm, Dunkard, Greene County, Pennsylvania. (59792.) 

(22) From the third sandstone of the Petroleum Measures. Sand here 22 feet in 
thickness; oil in sand; depth of well 917 feet; drilled 1884; torpedoed ; yielded 400 
barrels of oil on first day of flow. Dark amber; specific gravity on sample collected 
October, 1885, 479 Baumé. Well No.1, Rodgers Tract, Glade, Warren County, Penn- 
sylvania. (59303.) 

(23) From the fourth sandstone of the Petroleum Measures. Dark greenish red ; 
specific gravity 444° Baumé. Kangaroo Well No. 1, East Brady, Clarion County, 
Pennsylvania. (59489.) 
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(24) From the fourth sandstone of the Petroleum Measures. Dark greenish red. 
Well No. 34, Brady’s Bend Iron Company’s Tract, Armstrong County, Pennsylvania. 
(59490. ) 

(25) From the third Bradford sand. Black. Nile Oil Company, Wert, Allegany 
County, New York. (59477.) 

(26) From the third Bradford sand. Dark greenish. Scott & Smith’s Well No, 1, 
Bolivar, Allegany County, New York. (59478.) 

(27) From the third Bradford sand. Dark greenish; specilic gravity 424° Baumé. 
Forrest Oil Company, Bradford, MeKeau County, Pennsylvania. (59480. ) 
(28) From the third Bradford sand. Greenish red. Kane Oil Company’s Well, 
Wetmore, McKean County, Pennsylvania. (59482. ) 


The following nine specimens from various localities continue the 
section to the lowest point at which petroleum has been found : 


(1) From the Middle Devonian formation. Black. Near Glasgow, Barren County, 
Kentucky. (59544.) ; 

(2) From the corniferous limestone. Black; specific gravity 35.5° Baumé. Crown 
Well, Enniskillen, province of Ontario, Canada, (59569. ) 

(3) From the corniferous limestone. Black; specific gravity 32° Baumé. Crown 
Well, Enniskillen, province of Ontario, Canada. (59568.) 

(4) From the upper Hudson River shales (Lower Silurian). Dark greenish; 
specific gravity 43.5° Baumé. Well No.2, near Glasgow, Barren County, Kentucky. 
(59599. ) 

(5) From the Hudson River shales. Black; specitic gravity 37.5° Baumé. Crocus 
Well, near Burkesville, Camberland County, Kentucky. (59570. ) 

(6) From the Hudson River group (Lower Silurian). Black; specifie gravity 32° 
Banmé. Pioneer Well, Francisville, Pulaski County, Indiana. (59575.) 

(7) From the Trenton limestone. Black. Farm of Whitacre, Liberty, Wood 
County, Obio. (59601. ) 

(8) From the Trenton limestone. Black. Test well. Lima, Allen County, Ohio. 
(59551. ) 

(9) From the Trenton limestone. Black; specific gravity 33.5° Baumé. Bright- 
wood, Marion County, Indiana. (59574.) 


The balance of the petroleum collection is arranged on a geographi- 
eal basis. 


(1) Dark greenish. From the third Bradford sand. Cooper Brothers’ avell No. & 
Genesee, Allegany County, New York. (59473.) 

(2) Dark greenish. From the third Bradford sand. Allen & Co.’s well, Alma, Al- 
legany County, New York. (59474. ) 

(3) Dark greenish. From the third Bradford sand. Willett’s well No. 1, Genesee, 
Allegany County, New York. (59475. ) 

(4) Black. From the third Bradford sand. Boyle Well, Wirt Centre, Allegany 
County, New York. (59476.) 

(5) Dark greenish red, sp-citic gravity 46° Bauiné. From the third sandstone of 
the Petroleum Measures; sand here 35 feet in thickness; oil in sand; depth of well 
Y25 feet; drilled 1553, torpedoed. Well No. 7, lot No. 41, Richbargh, Allegany 
County, New York. (459726.) 

(6) Dark greenish. Fromthe third Bradford sand. Johnson Farm, Four-Mile Ran, 
Cattaraugus County, New York. (59479. ) 

(7) Dark greenish. Cattarangaus County, New York. (59723.) 

(5) Dark greenish, From the third Bradford sand. P. Newell Well, near Brad- 
ford, McKean Connty, Pennsylvania. (59481. ) 

(9) Dark greenish. W. Chambers Well, Kendall Creek, McKean County, Pennsyl- 
Vania, (484583, ) 
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(10) Dark greenish. From the third Bradford sand. Association Well, McKean 
County, Pennsylvania. (59484.) 

(11) Dark greenish. McKean County, Pennsylvania. (59725.) 

(12) Dark greenish, specific ‘gravity on sample collected March, 1885, 46° Baumé, 
Oil in sand, here 45 feet in thickness; depth of well 1,405 feet; drilled 1882; tor- 
pedoed ; yelded 100 barrels of oil on first day of flow. Well No. 5, F. W. Mitchell’s 
Lease, Duke Centre, McKean County, Pennsylvania. (59773.) 

(13) Dark greenish, specific gravity 48° Baumé. Oil insand; depth of well 2,337 
feet. Well No. 1, Lot 3767, Wetmore, McKean County, Pennsylvania. (59809.) 

(14) Dark greenish red. Oil in sand; depth of well about 1,000 feet; drilled 
182; torpedoed; yielded 20 barrels of oil on first day of flow. Farm of Silas Rich- 
ardson, Congdon, McKean County, Pennsylvania. (59823.) 

(15) Dark greenish red. Weed Farm, Kinzua, Warren County, Pennsylvania. 
(59513. ) 

(16) Light greenish red. Moore & Co.’s well No. 1, Mead, Warren County, Penn- 
sylvania. (59515. ) 

(17) Dark greenish, specific gravity 48° Baumé. Well No. 646, Warren County, 
Pennsylvania. (59740.) 

(18) Dark greenish red, specific gravity on sample collected August, 1885, 45° 
Baumé. Oil-bearing sand here 70 feet in thickness; depth of well 780 feet; drilled 
1877 ; torpedoed; yielded 10 barrels of oil on first day of pumping. Well No. 1, 
farm of E. M. Lacy, Glade, Warren County, Pennsylvania. (59759.) 

(19) Dark greenish red, specific gravity on sample collected August, 1885, 48° 
Baumé. Oil-bearing sand here 20 feet in thickness; depth of well 1,630 feet; 
drilled 1882; torpedoed. This is the famous ‘‘ Mystery Well” that caused a decline 
in the market to 50 cents per barrel. Yielded 2,500 barrels on first day of flow. 
‘Grace or ‘‘ Mystery Well” Cherry Grove, Warren County, Pennsylvania. (59762.) 

(20) Black, specific gravity 49° Baumé. Oil-bearing sand here 15 feet in thick- 
ness; depth of well 1,050 feet; drilled 1885; not torpedoed; yielded 15 barrels of 
oil on first day of pumping. Economites Well No. 1, lot 5204, Limestone, Warren 
County, Pennsylvania. (59764.) 

(21) Dark greenish, specific gravity on sample collected September, 1885, 45° 
Baumé. From the third sandstone of the Petroleum Measures; sand here 18 feet in 
thickness; oil in sand; depth of well 690 feet; drilled 1865; torpedoed; yielded 
450 barrels of oil on first day of flow. Well No. 9, Economite Farm, Limestone, 
Warren County, Pennsylvania. (59800.) 

(22) Dark greenish, specific gravity on sample collected September, 1885, 47° 
Baumé. From the third sandstone of the Petroleum Measures; sand here 22 feet in 
thickness; oil in sand; depth of well 1,750 feet; driiled 1882; torpedoed ; yielded 
650 barrels of oil on first day of flow. Lot 672, Cherry Grove, Warren County, 
Pennsylvania. (59801.) 

(23) Dark greenish, specific gravity 43° Baumé. Oil in sand, here 42 feet in 
thickness; depth of well 1,542 feet; drilled 1885; torpedoed; yielded 3 barrels of 
oil on first day of flow. Well No. 1, lot 754, Cherry Grove, Warren County, Pennsyl- 
vania. (59810.) 

(24) Dark greenish red. Wardwell farm, Warren County, Pennsylvania. (59821. ) 

(25) Dark greenish red. Wardwell pool, Warren County, Pennsylvania. (59822.) 

(26) Dark greenish red. From the third sandstone of the Petroleum Measures, 
here 40 feet in thickness; oil in sand; depth of well 850 feet; drilled, 1883; tor- 
pedoed ; yielded 200 barrels of oil on first day of flow. Farm of J. M. Wardwell, 
Mead, Warren County, Pennsylvania. (59824.) 

(27) Dark greenish red. Oil in sand; depth of well about 1,000 feet; drilled, 1884; 
torpedoed; yielded 500 barreis of oil on first day of flow. McWilliam farm, Glade, 
Warren County, Pennsylvania. (59825. ) 

(28) Dark greenish red, Oil in sand, here 40 feet in thickness; depth of well 
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450 feet; drilled 1854; torpedoed; yielded 40 barrels of oil on first day of flow. 
Farm of J. M. Wardwell, Mead, Warren County, Pennsylvania, (59826. ) 

(29) Dark greenish, specific gravity 45.259 Baumé. From the third sandstone of 
the Petroleum Measures; oil in sand, here 28 feet in thickness; depth of well 602 
feet ; drilled 1868; torpedoed; yielded 50 barrels of oil on first day of pumping. 
Well No. 7, Economy Oil Company, Tidioute, Warren County, Pennsylvania, (59829. ) 

(30) Dark greenish, specific gravity 26° Baumé. Oil in slate; depth of well 600 
feet; drilled, 1881. Demming’s well, Erie, Erie County, Pennsylvania. (59820.) 

(31) Dark greenish. Crawford County, Pennsylvania. (59730.) 
~ (82) Dark greenish. Octave Oil Company, near Titusville, Crawford County, 
P Pennsylvania, (59819. ) 

(33) Dark greenish red. Well No. 1, Reno Oil Company, Forest County, Pennsyl- 
vania. (59516. ) 

(34) Dark greenish red. Well No. 5, Graham & Co., Howe, Forest County, Penn- 
sylvania. (59517.) 

(35) Dark greenish red, specific gravity on sample collected June, 1885, 47.50° 
Baumé. From the third sandstone of the Petroleum Measures; sand here 15 feet 
in thickness; oil in sand; depth of well 1,655 feet ; drilled 1883 ; torpedoed ; yielded 
1,950 barrels of oil on first day of tlow. Well No. 12, lot 3194, Howe, Forest County, 
Pennsylvania. (59789.) 

(36) Dark greenish red, specific gravity on sample collected October, 1885, 46.509 
Baumé. From the third sandstone of the Petroleum Measures; sand here 23 feet in 
thickness; oil in sand; depth of well 1,158 feet; drilled, 1885; not torpedoed; 
yielded 75 barrels of oil on first day of flow. Well No. 1, Chrisman farm, Howe, 
Forest County, Pennsylvania. (5980u4.) 

(37) Dark greenish red. Hughes & Co.’s well, Elk County, Pennsylvania, (59522.) 

(38) Dark greenish. From the third sandstone of the Petroleum Measures (Ve- 
nango). Dale well No.5, Jolly farm, Venango County, Pennsylvania. (59505. ) 

(39) Dark greenish. Taylor well, Bullion Oil Company, McCalmont farm, Venango 
County, Pennsylvania. (59508.) 

(40) Dark greenish. From the second sandstone of the Petroleum Measures (Ve- 
nango). Ress well No. 3,Gormley farm, Venango County, Pennsylvania. (59509.) 

(41) Dark greenish. Story farm, Oil Creek, Venango County, Pennsylvania. 
(59510.) 

(42) Black. Oil Creek, Venango County, Pennsylvania. (59511.) 

(43) Bleck. Blood farm, Oil Creek, Venango County, Pennsylvania. (59512.) 

(44) Black, specifie gravity 28.59 Baumé. From the first sandstone of the Petro- 
leum Measures (Venango), Allen and Era well, Franklin, Venango County, Pennsyl- 
Vania. (59592. ) 

(45) Dark green. Franklin district, Venango County, Pennsylvania, (59722.) 

(46) Dark greenish. Bullion district, Venango County, Pennsylvania. (59726.) 

(47) Dark greenish, specifie gravity 34.5° Baumeé. Vranklin, Venango County, 
Pennsylvania. (59745.) 

(48) Dark greenish red, specific gravity 46° Baumé; surface oil. Rockland, Ve- 
nango County, Pennsylvania, (59755.) 

(49) Dark greenish, specific gravity on sample collected July, 1885, 45° Baumé. 
From the third sandstone of the Petroleum Measures, here 22 feet in thickness; oil 
in sand; depth of well 465 feet; drilled 1860; torpedoed; yielded 25 barrels of oil 
on first day of flow, afterwards yielding 25 barrels of oil on first day of pumping. 
This was the third well drilled for oil, and is still producing (1885) 5 barrels of oil 
per day, Crosby well No, 1, Octave Oil Company, Oil Creek, Venango County, 
Pennsylvania. (59766.) 

(50) Black, specific gravity, 45° Banmé, Oil in sand, here 16 feet in thickness; 
depth of well 870 feet; drilled, 1464; torpedoed ; yielded 80 barrels of oil on first day 
of pumping. Well No, 2, Armstrong farm, Oil Creek, Venango County, Pennsyl- 
vania, (59770.) 
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(51) Dark greenish, specific gravity 42.509 Baumé. Oil in sand, here 29 feet in 
thickness; depth of well 1,034 feet; drilled 1885; torpedoed ; yielded 24 barrels of oil 
on the first day.of pumping. Well No. 1, Young’s farm, Rockland, Venango County, 
Pennsylvania. (59772.) 

(52) Dark greenish, specific gravity 45° Baumé. From the third sandstone of 
the Petroleum Measures (Venango); sand here 28 feet in thickness; oil in sand; 
depth of well 606 feet ; drilled 1871; torpedoed; yielded 8 barrels of oil on first day 
of pumping. Well No. 2, farm of Jennings & Ralston, Jackson, Venango County, 
Pennsylvania. (59775.) sf 

(53) Dark greenish, specific gravity in 1867, 48° Baumé, in 1885, 47° Banmé. Oil 
in sand, here 57 feet in thickness; depth of well 835feet; drilled 1867; yielded 210 
barrels of oil on first day of pumping. Well No. 127, Cherry Run Oil Company, Oil 
Creek, Venango County, Pennsylvania. (59776.) 

(54) Dark greenish, specific gravity 44° Baumé. Oil in sand, here 12 feet in thick- 
ness; depth of well 780 feet ; drilled 1483; torpedoed; yielded 50 barrels of oil on 
first day of pumping. Emlenton, Venango County, Pennsylvania. (59778.) 

(55) Dark greenish, specilic gravity in 1877, 46° Baumé. Oil in sand, here 31 feet 
in thickness; depth of well 836 feet; drilled, 1877; torpedoed ; yielded 3,600 barrels 
of oil on first day of flow. Big Injun well, Simcox farm, Clinton, Venango County, 
Pennsylvania. (59784. ) 

(56) Dark greenish, specific gravity in 1868, 48° Baumé, in 1885, 47° Baumé. Oil 
in sand, here 17 feet in thickness; depth of well 862 feet; drilled 1868; torpedoed ; 
yielded 35 barrels of oil on first day of pumping. Well No. 1, Nettleton farm, Oil 
Creek, Venango County, Pennsylvania. (59785.) 

(57) Black, specific gravity in 1868, 40° Baumé, in 1885, 374 Baumé. From the 
second sandstone of the Petroleum Measures; sand here 30 feet in thickness; oilin 
sand; depth of well 622 feet; torpedoed; yielded 25 barrels of oil on first day of 
pumping. Well No. 2, Philadelphia and Boston farm, Rockland, Venango County, 
Pennsylvania. (59787.) 

(58) Dark greenish, specific gravity on sample collected September, 1885, 43.50° 
Baumé. From the third sandstone of the Petroleum Measures (Venango); sand here 
31 feet in thickness; oil in sand; depth of well 956 feet; drilled 1871; yielded 250 
barrels of oil on first day of flow. Hefferman & McDonald well, Milton tarm, Bra- 
densburg, Venango County, Pennsylvania. (56796. ) 

(59) Black, specific gravity 44° Baumé. From the first sandstone of the Petro- 
leum Measures; sand here 51 feet in thickness; oil in sand; depth of well 775 feet; 
drilled 1885; torpedoed; yielded 17 barrels of oil on first day of pumping. Well 
No. 6, Norten tract, Oakland, Venango County, Pennsylvania. (59806. ) 

(60) Dark greenish red, specific gravity 48.50° Baumé. Oil in sand, here 80 feet in 
thickness; depth of well 325 feet; drilled 1885; not torpedoed; yielded 40 barrels 
of oil on first day of flow. This sample is especially interesting on account of its 
being found in the so-called “ mountain sand,” which lies above the first sandstone of 
the Petroleum Measures (Venango), and was never before known to produce oil. 
Well No. 1, Hertzel farm, Rockland, Venango County, Pennsylvania. (59811.) 

(61) Dark greenish, specific gravity 43.50° Baumé. Irom the third sandstone of 
the Petroleum Measures (Venango) ; sand here 12 feet in thickness; oil in sand; 
depth of well 855 feet; drilled 1868; torpedoed; yielded 3 barrels of oil on first day 
of flow. Holiday Run farm, Oil City, Venango County, Pennsylvania. (59812.) 

(62) Very dark red, specific gravity 49° Baumé, From the first sandstone of the 
Petroleum Measures (Venango); sand here 65 feet in thickness; oil insand; depth of 
well 455 feet; drilled 1885; torpedoed ; yielded 10 barrels of oil on first day of 
pumping. This well produces about 200 barrels of water with the oil per day; 
water flowed from the same sand asthe oil. Davis well No. 2, Davis farm, Rockland, 
Venango County, Pennsylvania. (59814.) 

(63) Dark greenish, specific gravity 49° Baumé. From the third sandstone of the 
Petreleum Measures (Venango); sand here 18 feet in thickness, oilin sand; depth of 
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well 1,000 feet; drilled 1882; torpedoed; yielded 506 barrels on first day of flow, 
Well No. 1, Sayer’s farm, Egypt, Venango County, Pennsy!vania, (59517.) 

(64) Dark greenish red, specitie gravity 45° Baumé, From the first and fourth 
sandstone of the Petroleum Measures (Venango). Piper & Brown well No. —, 
Clarion Field, Clarion, Clarion County, Pennsylvania. (5958s.) 

(65) Dark greenish, specitic gravity 50$° Baumé, From the Clarion County sand- 
stone of the Petroleum Measures; sand here 15 feet in thickness; oil in sand; depth 
of well 1,020 feet; drilled 1885; torpedoed; yielded 50 barrels of oil on first day of 
pumping. Wood’s Well No. 1, Young’s farm, Ashland, Clarion County, Pennsylvania. 
(59758. ) 

(66) Dark greenish, specifie gravity 454° Baumé. From the third sandstone of the 
Petroleam Measures; sand here 21 feet in thickness; oil in sand; depth of well 916 
feet; drilled 1870; torpedoed; yielded 25 barreis of oil on first day of flow. Well 
No. 1, Fowler farm, Perry, Clarion County, Pennsylvania. (59797.) 

(67) Light greenish red, Lawrence County, Pennsylvania, (59724.) 

(68) Dark greenish red, From the third sandstone of the Petroleum Measures. 
Delap Well, No. 1, Petrolia, Butler County, Pennsylvania. (59495. ) 

(69) Dark greenish red. Warden Well No. 1, Butler County, Pennsylvania. 
(59496. ) 

(70) Dark greenish red. From the third sandstone of the Petroleum Measures. 
Well No. 19, Fisher Oil Company, Marshall farm, Butler County, Pennsylvania. 
(59497. ) 

(71) Light greenish red. From the second sandstone of the Petroleum Measures. 
Well No. 2, Uniontown Oil Company, Renfrew, Butler County, Pennsylvania. (59498.) 

(72) Dark greenish. From the second sandstone of the Petroleam Measures. Max- 
well & Middleton Well No. 1, Crawford Corners, Butler County, Pennsylvania. 
(59499. ) 

(73) Dark greenish red. From the fourth sandstone of the Petroleum Measures. 
Oil in sand; depth of well 1,462 feet. Forest Oil Company, Renfrew, Butler County, 
Pennsylvania. (59500, ) 

(74) Dark greenish red. Oil in sand, here 30 feet in thickness. Song Bird Well, 
Turner farm, Butler County, Pennsylvania, (59501.) 

(75) Dark greenish. From the Boulder sand of the Petroleum Measures. Conley 
& Co.’s Well, Kelly farm, Butler County, Pennsylvania. (59502.) 

(76) Dark greenish. Butler County, Pennsylvania. (59727.) 

(77) Light greenish red. Russ & Sutton Well No. 3, Sugar Creek, Armstrong, 
County, Pennsylvania. (59491.) 

(78) Dark greenish red. From the fourth sandstone of the Petroleum Measures. 
Emma Jane Well No. 1, Armstrong Run, Armstrong County, Pennsylvania. (59492.) 

(79) Dark greenish red. From the fourth sandstone of the Petroleum Measures, 
Davis & Evans Well No. 1, Brady’s Bend Iron Company’s tract, Brady's Bend, Arm- 
strong County, Pennsylvania, (59493.) 

(80) Dark greenish. Armstrong County, Pennsylvania. (59729.) 

(81) Dark greenish red, specific gravity 454° Baumé. From the third sandstone 
of the Petroleum Measures; sand here 47 feet in thickness; oilin sand; depth of well 
1,685 feet; drilled 1855; not torpedoed ; yielded 200 barrels of oil on first day of flow. 
Ort Well No. 1, Ort farm, Sugar Creek, Armstrong County, Pennsylvania. (59791.) 

(82) Dark greenish red. Well No. 1, Brady’s Bend lron Works, Armstrong County, 
Pennsylvania. (59827.) 

(83) Amber. Old Well, Smith’s Ferry, Beaver County, Pennsylvania. (59485.) 

(84) Greenish yellow. Sample Well No. 4, Calhoun farm, Smith Ferry, Beaver 
County, Pennsylvania. (59486.) 

(85) Dark greenish. 1,790 feet below the Pittsburg Coal Bed. Marks Well, Ra- 
coon Oil Company, Shousetounfield, Beaver County, Pennsylvania, (59487. ) 

(86) Dark greenish. Rochester, Beaver County, Penusylvania, (5948s.) 

(87) Dark amber. Beaver County, Pennsylvania. (59732.) 
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(88) Dark amber, specific gravity on sample collected May, 1885, 47° Baumé, Oil 
in sand, here 15 feet in thickness; depth of well 925 feet; drilled 1874; yielded 60 
barrels of oil on first day of pumping. Smith’s Ferry district, South Beaver, Beaver 
County, Pennsylvania. (59779.) 

(89) Very dark red, specific gravity 48° Baumé. Oil in sand, here 18 feet in thick- 
ness; depth of well 850 feet; drilled 1285; torpedoed; yielded 8 barrels of oil on first 
day of flow. Well No. 1, lease of Galey & Duffy, Moon, Beaver County, Pennsylva- 
nia. (59793.) 

(90) Dark greenish red. 2,100 feet below the Pittsburg Coal Bed; depth of well 
1,947 feet. Jane Riddle farm, Mansfield, Allegheny County, Pennsylvania. (59533.) 

(91) Very dark red, specific gravity 463° Baumé. From the third sandstone of the 
Petroleum Measures ; sand here 26 feet in thickness; oil in sand; depth of well 1,984 
feet; drilled 1885; torpedoed ; yielded 12 barrels of oil on first day of flow. Well 
No. 1, McCray farm, Ohio, Allegheny County, Pennsylvania. (59802.) 

(92) Dark greenish red. From the Coal Measures sandstone. Old Brinker Well, 
Pleasant Valley, Westmoreland County, Pennsylvania. (59521.) 

(93) Natural paraffin. From the Gordon sand of the Petroleum Measures. Gordon 
Well No. 1, Washington County, Pennsylvania. (59518.) ‘ 

(94) Light greenish red, specific gravity 45° Baumé. From the Gordon sand of 
the Petroleum Measures. Shirl’s Well No. 1, Washington County, Pennsylvania. 
(59524. ) 

(95) Light greenish red, specific gravity 44° Baumé. From the Gordon Sand, 
2,098 feet below the Pittsburg Coal Bed. Gantz Well, Washington, Washington 
County, Pennsylvania. (59525.) 

(96) Light greenish red. From above the Gordon sand. Shirl’s Well No. 2, 
Washington, Washington County, Pennsylvania, (59528. ) 

(97) Light greenish red, specific gravity 50° Baumé. From 1,855 feet below the 
Pittsburg Coal Bed. Hess Well No. 2, Washington, Washington County, Pennsyl- 
vania. (59529. ) 

(98) Light red, specific gravity 51° Baumé. From the first sandstone of the Pe- 
troleum Measures (Venango), 1,813 feet below the Pittsburg Coal Bed. Gordon Well, 
Washington, Washington County, Pennsylvania. (59530. ) 

(99) Greenish red. Montgomery Well, Washington, Washington County, Pennsyl- 
vania. (59531.) 

(100) Greenish red. From 1,855 feet below the Pittsburg Coal Bed. Smith Well, 
Washington, Washington County, Pennsylvania. (59532.) 

(101) Light greenish red. From the Gordon sand, Miller Well No. 1, Gordon 
Pool, Washington County, Pennsylvania. (59590.) 

(102) Light greenish red, specific gravity 45° Baumé. Gordon Well, Washington, 
Washington County, Pennsylvania. (59748. ) 

(103) Dark amber. Oil in sand, here 50 feet in thickness; depth of well 2,250 
feet; drilled 1886; not torpedoed ; yielded 350 barrels of oil on first day of flow. Well 
No. 1, Smith farm, Washington County, Pennsylvania. (59818.) 

(104) Dark amber, specific gravity 46° Baumé. Oil in sand, here about 18 feet in 
thickness; depth of well 2,380 feet; drilled 1885; torpedoed; yielded 50 barrels of 
oil on first day of flow. Gordon Well, Gordon farm, Franklin, Washington County, 
Pennsylvania. (59794.) 

(105) Greenish amber. Washington County, Pennsylvania. (59866.) 

(106) Greenish amber. Washington County, Pennsylvania. (59867.) 

(107) Light greenish red. From 180 feet below the Pittsburg Coal Bed. Gilmore 
Well, Whitely Creek, Greene County, Pennsylvania. (59535.) 

(108) Dark greenish red, specific gravity 44° Baumé. Lone Star Well. Greene 
County, Pennsylvania. (59738.) 

(109 (Dark greenish. Bradford County, Pennsylvania. (59868.) 

(110) Dark greenish red, specific gravity 44° Baumé. Mount Nebo, Lancaster 
County, Pennsylvania. (59747.) 
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(111) Dark greenish. John Kennedy Well, Two Mile Run, Franklin County, 
Pennsylvania, (5950%. ) 

(112) Dark greenish, specific gravity 44° Baumé. Phillip’s Well, Pennsylvania. 
(59744.) 

(113) Black. From the Carboniferous formation. Higgin's Well, Pleasants County, 
West Virginia. (59537.) 

(114) Black, specific gravity 27.1° Baumé. From the Mill Stone grit (Carbonifer- 
ous). Big Creek Well, near Volcano, Wood County. West Virginia, (59554. ) 

(115) Black, specific gravity 29° Baumé. From the Mill Stone grit (Carbonifer- 
ous). Moore Well, near Volcano, Wood County, West Virginia. (59556. ) 

(116) Black, specific gravity 30.8° Baumé. From the Mill Stone grit (Carbonifer- 
ous). Church Mill Well, near Voleana, Wood County, West Virginia. (59558. ) 

(117) Black, specific gravity 31.1° Baumé. From the Mill Stone grit (Carbonifer- 
ous). A. Leasis Well. near Voleano, Wood County, West Virginia. (59559. ) 

(118) Dark greenish, specific gravity 32.7° Baumé. From the Mill Stone grit 
(Carboniferous). Whiskey Fork, near Volcano, Wood County, West Virginia. 
(59560. ) 

(119) Dark greenish, specific gravity 38.29 Baumé. From the Mill Stone Grit 
(Carboniferous.) Lick Fork, near Volcano, Wood County, West Virginia. (59561. ) 

(120) Dark greenish, specific gravity 32° Banmé, From the first sandstone of the 
Great Conglomerate (Upper Carboniferous), and 980 feet below the Crinoidal Lime- 
stone; oil in sand; depth of well 420 feet. Volcanic Oil and Coal Company, White 
Oak district, Ritchie County, West Virginia. (59846.) 

(121) Black, specifie gravity 39° Baumé. From the first sandstone of the Great 
Conglomerate (Upper Carboniferous); oil in sand. Widow’s Son Well, Voleanie Oil 
and Coal Company, White Oak district, Ritchie County, West Virginia. (59856.) 

(122) Dark greenish, specific gravity 37° Baumé. From the first sandstone of the 
Great Conglomerate (Upper Carboniferous); oil in sand. West Virginia Oil and Oil 
Land Company, White Oak district, Ritchie County, West Virginia. (59359.) 

(123) Dark greenish, specific gravity 34° Baumé. From the first sandstone of the 
Great Conglomerate (Upper Carboniferous) ; oilinsand. West Virginia Oil and Oil 
Land Company, White Oak district, Ritchie County, West Virginia. (59861. ) 

(124) Black. West Virginia. (59783.) 

(125) Black. The first well in the United States that produced oil; drilled for 
salt in 1819. Beatty Well, Wayne County, Kentucky. (59833.) 

(126) Dark greenish. From the first flowing well in the United States; drilled in 
1829 for ‘‘ brine.” In 1360 it was drilled to the depth of 85 feet when it yielded 
400 barrels of oil on the first day of flow. This sample is an original package as put 
up in 1856 and sold as a liniment or ‘‘ Medicinal Oil.” On the blank side was pasted 
a label with a cut of a brine well derrick. This picture is said to have suggested the 
idea of drilling a well for oil, and which was afterwards realized in Drake’s Well 
that struck oil in August, 1859. American Well, Little Rennox Creek, near Burkes- 
ville, Kentucky. (59834.) 

(127) Black. Boyd’s Creek, near Glasgow, Barren County, Kentucky. (59830.) 

(125) Dark greenish. Beaver Creek, near Glasgow, Barren County, Kentucky. 
(59831. ) 

(129) Amber, specific gravity 43° Baumé. From the Devonian formation, near 
Glasgow, Barren County, Kentucky. (59962.) 

(130) Dark greenish. From the Upper Hudson formation. H. T. Motley farm, 
near Scottsville, Allen County, Kentucky. (59963.) 

(131) Dark greenish, specific gravity 42° Baumé. Carroll Well No.2, near Glas- 
gow, Barren County, Kentucky. (59964.) 

(182) Dark greenish, specific gravity 45.5° Baumé. Haven & Prase Well, near 
Glasgow, Barren County, Kentucky. (59965. ) 

(133) Dark greenish, specific gravity 35° Baumé. Adams Well, Boyd's Creek, 
Barren County, Kentucky. (59965.) 


250 BULLETIN 42, UNITED STATES NATIONAL MUSEUM. 


(134) Dark, specifie gravity 41° Baumé. From the Lower Silurian formation. 
Jones Creek, Dickson County, Tennessee. (59573.) 

(135) Black. Obtained by boring for sulphur on the Mississippi River, 100 miles 
north from New Orleans, Louisiana. (59549. ) 

(136) Black. Mecca, Trumbull County, Ohio. (59863.) 

(137) Dark greenish, specific gravity 33° Baumé. From the Berea grit or fourth 
sandstone of the Petroleum Measures; drilled in 1886 as a test well. Cambridge, 
Guernsey County, Ohio. (59538.) 

(138) Black. From the first sandstone of the Petroleum Measures (Mahoning). 
Geo. Rice Well, Macksburg, Washington County, Ohio. (59539.) 

(139) Black. From the second sandstone of the Petroleam Measures (Mahoning). 
Geo. Rice Well, Macksburg, Washington County, Ohio. (59540.) 

(140) Dark greenish. From the third sandstone of the Petroleum Measures (Ma- 
honing). Geo. Rice Well, Macksburg, Washington County, Ohio. (59541.) 

(141) Dark greenish. From the fourth sandstone of the Petroleum Measures. 
Macksburg, Washington County, Ohio. (59542.) 

(142) Dark greenish, specific gravity 44° Baumé. From the first stray sand 650 
feet below the Pittsburg coal bed. Longfellow & Stevens’ Well, Macksburg, Wash- 
ington Couuty, Ohio. (59595. ) 

(143) Dark greenish. From the second stray sand, 775 feet below the Pittsburg 
coal bed. Longfellow & Stevens’ Well, Macksburg, Washington County, Ohio. 
(59596. ) 

(144) Dark greenish, specific gravity on sample collected July, 1885, 394° Baumé. 
Oil in sand, here, 16 ieet in thickness; depth of well 980 feet; drilled 1884: tor- 
pedoed; yielded 30 barrels of oil on first day of pumping. Washington County, 
Ohio. (59771.) 

(145) Dark greenish. From the first sandstone of the Petroleum Measures (Ma- 
honing); sand here 20 feet in thickness, and 100 feet below the Crinoidal lime- 
stone; oil in sand; depth of well 150 feet; drilled 1882; torpedoed; yielded 10 


barrels of oil on first day of pumping. Farm of Frank Atkinson, Aurelius, Wash- 


ington County, Ohio. (59554.) 

(146) Black. Belden, Lorain County, Ohio. (59865.) 

(147) Black, specific gravity 40° Baumé. From the Trenton limestone. Parker 
Well, Cygnet, Wood County, Ohio. (59. 64.) 

(148) Biack, specific gravity 32° Baumé. From the Trenton limestone. Mercer 
Well, near North Baltimore, Wood County, Ohio. (59565.) 

(149) Black, specific gravity 37° Baumé. From the Trenton limestone. Brad- 
shaw Well, near North Baltimore, Wood County, Ohio. (59567.) 

(150) Black. From the Trenton limestone. Mathias Well, No. 1, Findlay, Hancock 
County, Ohio. (59545.) 

(151) Dark greenish. From the Trenton limestone. P. P. Parker Well, near Find- 
lay, Hancock County, Ohio. (59563. ) 

(152) Dark greenish. From the Trenton limestone. Findlay, Hancock County, 
Ohio. (59864.) 

(153) Black. From the Trenton limestone. Reese Well, Lima, Allen County, Ohio. 
(59546. ) 

(154) Black. From the Trenton limestone. First Well, St. Mary’s, Auglaize 
County, Ohio. 59547.) 

(155) Black. Fauntanan, Ohio. (59721.) 

(156) Black, specific gravity 34.5° Baumé. From the Trenton limestone. Win- 
chester, Randolph County, Indiana. (59576.) 

(157) Black. From the Hudson River group (Lower Silurian). Pioneer Well, 
Francisville, Pulaski County, Indiana. (59562.) 

(158) Black. Test well drilled in 1887. Fort Scott, Bourbon County, Kansas. 
(59543. ) 

(159) Black, specific gravity 41° Baumé. California, (59742.) 
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THE TREATMENT OF PETROLEUM. 


A very small amount of petroleam finds direct application in the 
preparation of special lubricators. Most petroleum is, however, sub- 
jected to distillation in order to obtain the various products in a state 
of purity suitable for particular uses, 

Formerly it was the plan to subject the crude petroleum to plain dis- 
tillation by heating it to certain regulated temperatures to separate the 
constituents volatile at these temperatures. By this operation only 
slight chemical changes took place during the operation, and there 
always remained a large amount of dark, heavy oil, having a strong 
odor, which found little or no application. 

About 1865 the process of destructive distillation or ‘+ cracking ” was 
introduced. This was so successful that it was rapidly adopted, and is 
now uniformly used in this country. 

In this process the most volatile portions of the crude petroleum are 
first removed by plain distillation at about 100° GC. The residue is then 
heated at once to a high temperature. By this operation the heavy oils 
are broken up ‘‘cracked” and a much larger yield of lighter oils suita- 
ble for illuminating purposes obtained; at the same time a considerable 
amount of gas is produced, which is utilized for heating purposes about 
the works. The residue remaining in the still constitutes only a small 
per cent. of the original crude petroleum, and is further treated. 

The different distillates are subjected to a further treatment to pre- 
pare commercial products. Sometimes chemicals are used in this re- 
treatment. The final products are divided according to their specitic 
gravity by the Baumé scale. 

Professor Peckham gives the following tables* of the products from 
the process as ordinarily conducted. The first treatment at 100° ©. 
gives off 12 to 15 per cent., which on retreatment yields: 


Per cent. 


Remerige pasoune, tOGU°, about 24... 22.0 2. feds eee bocce ce dede eh ics 4 
Seas TIA VG. Ce 1 OSC BDOUGS .c5 vic boos os ca ceae vedews eecnec ce 10 
Peeetee MAGN Ot LOOSes ADONG. 2 a0c a oc caked So vow enc unwade vebows Le 2to 2 
aes ep ions, G4 tO GOC about. ..222 5. - cock ab een edee eee ees enteae 2to 2 


The residue subjected to cracking yields : 


Per cent, 


in caece wuraing oi, from 58° to 40°. about -..0.<. .cecae se ccanccnc unos cane cao 50 
Se OR ALONE AGS TAS, Oo fA MOM Gara nfo, cna coe uccace knine Lok acacubace «uma 2 SG 
Sa eaanaE SIRE RLOL OPIN WT ANC MIO 2 wart hc oo S asus nce cine'n coatenkuel buceatdneoigde 25 
IAAL OORIO TUT: oreo ten See ad Ngan teen abu anda ca cacwe sents ceeaon 3 
ee ete s etek Pathan ea As acl ty iadee we alwminn dir adele aibwwach wdecied athe 2 

100 


These products are treated in various ways to improve their quality, 
to separate the oils of different specific gravity, and to obtain the par- 
affin. The paraflin is separated by cooling the heavy oils containing it 


* Tenth Census Report on Petroleum, vol. x, pp. 164 and 165, 
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to a very low temperature and subjecting it to pressure. The following 
table gives the final products: 





Per cent, 

Gasoline os ost toa pt os oe epee. . > ob cetera eee fae eee 1.0 tomes 
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16.5 
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Paraffin wax, 44 pounds per barrel.... .---- afc eee OE Seen eee 2.0 
TsOSNS-)ee¥- £15550 > 1 S:15- | at ete ee aes 2h) ae pe aoe See eee 10.0 

100. 0 


The treatment of petroleum is illustrated by a very large collection 
of 119 specimens, showing a great profusion of products, prepared by 
Mr. T. G. McMasters, Pittsburg, Pennsylvania. 

The collection shows a series of the first distillates obtained, a very 
complete series of the commercial products obtained by refining these 
distillates, and some intermediate products. 

The following twenty-seven specimens illustrate the first distillation: 


(1) Benzine, colorless; specific gravity 83° Baumé. (59602.) 

(2) Benzine, colorless; specific gravity 80° Baumé. (59603.) 

(3) Benzine, colorless; specific gravity 70° Baumé. (59604.) 

(4) Benzine, colorless ; specific gravity 65° Baumé. (59605.) 

(5) Benzine, colorless; specific gravity 63° Baumé. (59306.) 

(6) Distillate, colorless ; specific gravity 60° Bauimné. (59607.) 

(7) Distillate, colorless; specific gravity 55° Baumé. (59608. ) 

(8) Distillate, colorless; specific gravity 50° Baumé. (59609.) 

(9) Distillate, colorless; specific gravity 48° Baumé, (59610.) 2 
(10) Distillate, nearly colorless; specific gravity 46° Baniné. (59611.) 
(11) Distillate, nearly colorless; specific gravity 45° Baumé. (59612.) 
(12) Distillate, nearly colorless; specific gravity 43° Baumé. (59613.) 
(13) Distillate, light straw color; specific gravity 40° Baumé, (59514.) 
(14) Distillate, dark greenish red; specific gravity 38° Baumé. (59615. ) 
(15) Paraffin distillate, light brown; specific gravity 42° Baumé. (59623.) 
(16) Paraffin distillate, dark red; specific gravity 38° Bauiné, (59624.) 

(17) Paraffin distillate, dark greenish red; specific gravity 35° Baumé. (59625.) 
(18) Paraffin distillate, Cark greenish red; specific gravity 30° Baumé. (59626.) 
(i9) Paraffin distillate, dark greenish; specific gravity 29° Baumé. (59627.) 
(20) Paraffin distillate, dark greenish ; specific gravity 27° Baumé. (59628. ) 
(21) Paraffin distillate, dark greenish ; specific gravity 25° Baumé. (59629. ) 
(22) Paraffin distillate, dark greenish; specific gravity 24 Baumé. (59630.) 

(23) Paraffin distillate, dark greenish; specific gravity 22° Baumé. (59631.) 
(24) Paraffin distillate, greenish brown; specific gravity 16° Baumé. (5963z.) 
(25) Tailings, light brown. (59633. ) 
(26) Residuum, still residue, black ; specific gravity 18° Baumé. (59641.) 

(27) Residuum, still residue, black; specific gravity 20° Baumé. (59642.) 


The following specimens illustrate various grades of commercial oils : 


(1) Gasoline, colorless; specific gravity 103° Baumé. (59616.) 
(2) Gasoline, colorless; specific gravity 95° Baumé. (59617.) 
(3) Gasoline, colorless; specific gravity 88° Baumé. (59618.) 
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(4) Gasoline, colorless; specific gravity 30° Baumé, (S9619.) 

(5) Gasoline, colorless; specific gravity 74° Baumé, (59620,) 

(6) Naphtha, colorless; specitic gravity 70° Baumé. (59621.) 

(7) Sweet naptha, colorless; specific gravity 63° Baumé. (59622.) 

(8) INuminating oil, standard white ; specific gravity 45° Baumé; fire test LL0> 


“P, (59645.) 


(9) Illuminating oil, standard white; specific gravity 46- Baumé; fire test 115° 
F.; flash test (Abel) 70° FP. (59646.) 

(10) Iuminating oil, standard white; specific gravity 46° Baumé; fire test 120° 
F.; flash test (Abel) 73° F. (59647.) 

(11) Illuminating oil, standard white ; specific gravity 49.5° Bauiné ; fire test 120° 
F. (59648. ) 

(12) Illuminating oil, standard white; specific gravity 46° Baumé; fire test 130° 
F.; flash test 100° F. (59649.) 

(13) Illuminating oil, prime white; specific gravity 46.5° Baumé ; fire test 130° 
KF. (59650.) 

(14) Illuminating oil, water white; specific gravity 49.5° Baumé; fire test 130° 
F,. (59651. ) 

(15) Illuminating oil, standard white; specific gravity 46° Baumé; fire test 140° 
F. (59652.) 

(16) INuminating oil, prime white; specific gravity 47.5°, Baumé; fire test 140° 
F. (59653. ) 

(17) Illuminating oil, prime white; specific gravity 48° Baumé; fire test 150° F. 
(59655. ) 

(18) Illuminating oil, water white; specific gravity 49° Baumé; fire test 140° F. 
(59654.) 

(19) Illuminating oil, water white; fire test 150° F.  (59656.) 

(20) INuminating oil, standard white; specific gravity 46.5 Baumé; fire test 155° 
F.; flash test 120° F.  (59657.) 

(21) Illuminating oil, prime white; specific gravity 47.5° Baumé; fire test 160° 
F.; flash test 125° F.  (59658.) 

(22) Tlluminating oi!, water white; specific gravity 49° Baumé; fire test 160° F. 
(49659. ) 

(23) Illuminating oil, prime white; specific gravity 47.5° Baumé; fire test 175° F. 
(59660. ) 

(24) Illuminating oil, water white; specific gravity 48° Baumé; fire test 175° F. 
(59661. ) 

(25) Illuminating oil, water white; specific gravity 47.5° Baumé; fire test 200 F. 
(59662. ) 

(26) Iuminating oil, colorless; specific gravity 40° Bauiné; fire test 250° F. 
(59663. ) 

(27) Illuminating oil, refined, colorless; specific gravity 41° Baumé; fire test 
300° BF. (59664. ) 

(28) [luminating oil, refined, colorless; specific gravity 38.5° Baumé; fire test 
300° F. (59665. ) 

(29) Illuminating oil, amber burning; specific gravity 43° Baumé; fire test 150° 
F. (59666. ) 

(30) Illuminating oil, refined amber burning; specific gravity 12° Baumé; tire 
test 200° IF. (59667.) 

(31) Illuminating oil, red oil; specific gravity 48° Baumé; fire test 150° F, 
(59668. ) 

(82) Dark signal oil, light straw color; specific gravity 36° Baumé; fire test 300° 
KF. (59669. ) 

(33) Light signal oil, straw color; specific gravity 38° Baumé; fire test 300° F. 
(59670. ) 

(34) Unbleached neutral oil, straw color; specitic gravity 36° Baumé. (59671) 
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(35) White neutral oil, specific gravity 36° Baumé; fire test 360° F. (59672.) 

(36) White neutral oil, specifie gravity 38° Baumé. (59673.) 

(37) Yellow neutral oil, specific gravity 33° Baumé. (59674.) 

Ten grades of paraffin oil are shown, as follows: : ' 

(1) Light amber, specific gravity 30° Baumé; fire test 275° F. (59675.) 

(2) Dark amber, specific gravity 29° Baumé; fire test 275° F.; cold test 30° F. 
(59676. ) 

(3) Dark amber, specific gravity 28° Baumé; fire test 300° F.; cold test 35° F. 
(59677. ) 

(4) Dark amber, specific gravity 27° Baumé; fire test 300° F.; cold test 40° F. 
(59678. ) 

(5) Light amber, specific gravity 26° Baumé; fire test 300° F.; cold test 25° F, 
(59679. ) 

(6) Light amber, specific gravity 25° Baumé; fire test 300° F.; coid test 20° F. 
(59680. ) 

(7) Dark amber, specific gravity 24° Baumé; fire test 350° F.; cold test 25° F. 


(59681.) 

(8) Dark amber, specific gravity 23.5° Baumé; fire test 350° F.; cold test 45° F, 
(59683. ) 

(9) Dark amber, specific gravity 23° Baumé; fire test 375° F.; cold test 35° F. 
(59682. ) 


(10) Light greenish brown, specific gravity 22° Baumé; fire test 400° F.; cold 
test 25° F. (59684.) 

Oils suitable for Lenn 5 purposes are illustrated by twenty-one 
specimens : 


(1) Engine oil, dark greenish red; specific gravity 25° Baumé; fire test 350° F, 
(59636. ) 

(2) Cylinder oil, dark greenish red; specific gravity 29° Baumé; fire test 400° F. 
(59691. ) 

(3) Cylinder oil, dark greenish; specific gravity 28° Baumé; fire test 500° F. 
(59692.) 

(4) Cylinder oil, dark greenish red ; specific gravity 28° Baumé; fire test 450° F. 
(59693. ) 

(5) Cylinder oil, filtered; dark greenish red; specific gravity 28° Baumé; fire test 
400° F. (59694.) 

(6) Cylinder oil, dark greenish; specific gravity 28° Baumé ; fire test 600°; cold 
test 25° F, (59695. ) 

(7) Cylinder oil, dark greenish; specific gravity 27° Baumé; fire test 400° F. 
(59696. ) 

(8) Cylinder oil, dark greenish; specific gravity 26.5° Baumé; fire test 600° F.; 
cold test 20° F. (59697.) 

(9) Cylinder oil, dark greenish; specific gravity 25° Baumé; fire test 500° F. 
(59698. ) 

(10) Cylinder oil, black; specific gravity 25° Baumé; fire test 600° F.  (59699.) 

(11) Cylinder oil, dark greenish; specific gravity 28° Baumé; fire test 550° F. ; 
cold test 25° F. (59700.) 

(12) Lubricating oil, dark greenish brown; specific gravity 29° Baumé; fire test 
300° F. (59701.) 

(13) Lubricating oil, dark greenish brown; specific gravity 28° Baumé; fire test 
350° F. (59702. ) 

(14) Lubricating oil, dark brown; specific gravity 37° Baumé:; fire test 400° F. 
(59703.) 

(15) Lubricating oil, dark brown; specific gravity 26° Baumé; fire test 400° F. 
(59704. ) 

(16) Lubricating oil, specific gravity 25° Baumé; fire test 500° F. (59705.) 
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(17) Lubricating oil, specific gravity 15° below zero 20° Baumé; fire test 250° F, 
(59706. ) 

(18) Lubricating oil, specific gravity 279 Baumé. (59707.) 

(19) Lubricating oil, specific gravity 29° Baumé; fire test 275° F.; cold test zero. 
(59708. ) 

(20) Lubricating oil, specific gravity 29° Baumé; cold test 25° PF. (59709.) 

(21) Lubricating oil, specific gravity 28° Baume; fire test 325° F.; cold test 30° 
F. (59710. 

The separation and preparation of paraflin is illustrated by: 

(1) Gum wax, light brown. (59634.) 

(2) Pressed oil, dark greenish; specitic gravity 25° Baumé. (50635. ) 

(3) Paraffin oil, treated amber; specilic gravity 25° Baumé, (59636. ) 

(4) Crude wax, black, slack pressed; chill test LO2° PF. (59637.) 

(5) Crude wax, treated amber; chill test 108° F. (59638. ) 

(6) Treated wax, hydraulic pressed; chill test 129° F. (59639, ) 

(7) Refined wax, white; chill test 145° F. (59640.) 

The following specimens represent various solids obtained : 

(1) Petroleum pitch, black; melting point 115° F. (59712.) 

(2) Vaseline or petroleum salve. (59713. ) 

(3) Petroleum jelly. (59714.) 

(4) Carboline or hair-oil, (59715. ) 

(5) Journal grease, black; melting point 80° PF. (59716.) 

(6) Wagon grease, melting point 120° F. (59717.) 

(7) Hot neck mill grease, melting point 140° F. (59718. ) 

(8) Cold neck mill grease, melting point 110° F. (59719.) 

(9) Tar coke, carbon. (69643. ) 

(10) Electric light carbon points, made from tar coke. (59644.) 

In this connection three specimens are shown to illustrate reduced oils, 
which are lubricating oils prepared by the slow evaporation at compar- 
atively low temperatures of the volatile constituents of special ernde 
petroleums : 

(1) Reduced oil, for lubricating purposes, dark greenish red; specific gravity 38° 
Baumé. (59687. ) 

(2) Reduced oil, for lubricating purposes, dark greenish red : specific gravity 36° 
Baumé. (59688.) 

(3) Reduced oil, dark greenish red; specific gravity 34° Baumé. (59689. ) 

GASEOUS BITUMEN. 
NATURAL GAS. 


Composition: Very variable. The following six analyses of samples 
taken from the same well show wide variation: 


(a) (bh) (c) (d) (e) A) 


Per cent. Per cent. Per cent.) Per cent. Per cent.| Per cent, 
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Wherever organic material is exposed to decomposing influences gas 
is very sure to be given off, but it is only when this decomposition occurs 
under conditions suitable for storing and saving the gas that it becomes 
of practical value. 

Natural gas has been used in small quantities for heating and light- 
ing for many years, but recently the discovery of abundant supplies of 
gas in New York, Pennsylvania, Ohio, and Indiana has led to its ex- 
tensive employment for heating and lighting upon a large scale. It is 
illustrated by a single specimen only as there is so little difference 
apparent between different samples. (59989.) 
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